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ABSTRACT 

This report, arising fnm a 1991 meeting, provides an 
update to tvo of the six areas co^red in the 1989 long-tern plan of 
the National Institute on I^afness and Other Ocxmunication Disorders. 
These include I (1) isalance and the vestUmlar system; and (2) 
language and language isipalnents. For each ar^, the state of the 
art is reviewed, recent accm^lishments su^tarmd, and progras goals 
and research oj^rtunities listed. Subcramittees in these areas 
examined the Institute's research portfolio, identified changes in 
the field, recommended levels and areas of research activity, and 
suggested potential initiatives. Among 11 areas of recommended 
research in vestitmlar function arei signal transduction hy 
vestibular end-organs; sensory integration in spatial orientation, 
perception and motion sickness; develo^ent and aging of the 
vestibular system; prevalence and environmental factors; diagnostic 
methods and testing procedures; and adaptive mechanisms. Areas of 
recommended research in language include > multicultural issues; 
language and deaf pet^le (language development m deaf children, 
studies of literacy in deaf children and luiults, and sign language 
structure and function); language disorders in children (bases of 
language disorders, assessment, academic and social/vocational 
impact, and intervention); and language disorders in adults 
(brain-language relations, processes tmderlying language disorders, 
assessment and intervention, and comparative language). Appendices 
include Public Law 100-553 (the National Deafness and Other 
communication Disorders Act of 1988) and a listing of panel members. 
(DB) 
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FOREWORD 



On October 28, 1988 the National Daafiiess and Other Communication Disorders 
Act of 1988 became Pubttc Law iaO-583 (Appendix A) estaliltohing ^ National 
lastitate on Deafoess and Otiter Communteatioa IHsMdem (NISCD) witida the 
National Institates of Heaitib (NIH). The law required that the IHrector, NIDCD, 
estaUiah a National I^afness and Oth«r Communication Disorders Pribram and 
prepare a plan to initiate* expand, intensify and cooitiinate Institoite activities 
concerning disorders of heariv^ balance, smell, taste, voice, speech and language. 

In respimsetothis mandate. In January 1988 a Task Force ^sd^itlfic experts 
r^resenting flie seven program areas of Uie Institute prei»red the first National 
Strategic Research Plan whteh has guided tiie Instltate in its r^arch actlvttiefl over 
the last two years. The National Strategte Research Plan is also intended to Inform 
the Nation's sdentlsts <tf areas of oppoiltaLnitjr fior research and to provld<« them with 
guidance as they formulate th^ own research plans. The plan Informs persons with 
communication disorders and their support organi»itioas «tf past research 
accomplishments and potential fluture activities. In addition, the plan is intended to 
inform members of Congress of research progress and ftiture research importunities 
in scientific areas within the purview of the NIDCD. 

P.L. 100-953 require the Nadonal De ifhess and Oth^ Communication 
Disorders Advisory B<mrd to review, evaluate and update the plan periodically to 
assure its continuing relevance. To meet this legislative mandate, the National 
Advisory Board in the spring of 1990 decided that it would update two of the dx 
sections of the Plan every year tiiua updating the entire plan within a three-year 
period. The two sections the National Advisory Board sheeted to update in 1991 were 
Balance and the Vestibular System and Language and Language Impairments. The 
National Advisory Board established subcommltlees for these two arm which met 
and made rei^'mmendatfims for panel memlrara to uinlate the Balance and the 
Vestibular System and Language and Langua^ Impairment sections of Uie plan, 
compared ih>B research pcnrfiblio of the Institute to the National Strategic Research 
Plan, identified change in tiie ^Id since tiie plan was developed, recommended 
levels and areas of research activity and suggested potential btitiatives. On January 
28-29, 1991 panels dfsdenti^ experts in the areas of balance and the vestibular 
system and language and language impairment were convened » (Members of the 
panels are listed in Appendix B.) The results of these meetings are contained in this 
report. 

Members of the panels are due special thanks for giving generously of their 
talents and time in seeing this document through to completion. Their meetings on 
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Jaaiiary 28 aad 88, IMl iHroiight tog«ai«r i^preseatatim of a broad an 
sdentilte disdi^es willdn tlie aroaa itf ludaace and tiie v«8tibii!&r 
language and language im|>ainnenta. Membert of the panels shai*'^ their diverse 
ideas and worked diUgentiy to achievo conseneoa on a compreh ,^ laive view of each 
field and a vision for the ftitura. Subsequently, panel members refined their efforts 
with numerous revised texts. 

Dr. Horst R. Koirad and Dr. Barry W. Peterson, Cochairpersons of the Balance 
and the Vestibular System Panel, and Dr. Rita S. Bemdt and Dr. Laurence B. 
Leonard, Cochairpwsons of the Language and Language Impairment Panel, should 
be singled out for special appredation. This update to the National Strategic 
Research Plan is very much a product of their experience, expertise and guidance. 
J<daed by their fellow panel members, they have formulated a plan for ftiture 
r^earch in two important scientific areas of the NIDCD. 

James B. Snow, Jr., M.D. 
Director 

National Institute on Deafhess and 
Other Communication Disorders 
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PREFACE 



The NatUmal StratogiG RMeareh Plan of the Natfoaal Institute <m Deafiiess and 
Other Commimisatioa Disorders (NIDCD) was prepared in April 1M9 and presented 
the research reeomnendatioas of mere than 100 eminent sdeatists in Uie seven 
program areas of the NIDCD. These arm are hearing, balance, smeli, taste* voice. 
^pee<^ and language. 'TblsrepfHiMmtaias an update offliebalaace and the 
vestibular system and language and language impairments sections of the IWB plan. 

Although disorders of balance and language afifeet different populations, both 
have a dramatic impact on the aMUty of people to live and productive lives. The 
vestibular system balance and posture, regulates locomotion and other 

voliti<mal movem^ts mid provide a coasdous awarenras of 4Mrientati<» in space and 
a visual fixation in motion. Disease, aging, exposure to unusual motion or altered 
gravitational environments can impair balance. A m^}or consequence of vestibular 
distiirbance is diminished capability and desire for purposefiil activity. A better 
underatanding <tf tiie normal functiim, development and aging <^ tito vestibulmr 
system and the disorders wliich affect it would improve national health and reduce 
future healtii care costs. 

Language is the uniquely human means of communication through which 
knowledge, belief and behavior can be explained and shared. The ability to 
manipulate language to satisfy needs and desires and to expr^ thoughts, 
observations and values is an important human pursuit that directly influences the 
quality of life fmr any indivkluaL Language Imp^rments impede economic self- 
sufBdMicy, academic performance and employment opportunities. In addition to loss 
of livelihood, these disorders impose social isolation and personal suffering on the 
affected individuals and place an enormous emotional and economic burden on their 
families and on sodety as a whole. 

Language and balance disorders have long been rec<^i2ed but their causes 
have not been well understood. Current advance in scientific knowledge and 
technology nov/ make it possible to make unprecedented progress in tiiese long 
neglected problems. 
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This update <^ tlie bal«ice and v«stiilmlar syatem and laaguagB and laagu^e 
imimiroient sections of the National Strategic Research Plan has provided an 
(^pmrtenUy to evolnate the pn^r^^ that has teen made In th^ aratf during tiie 
first few years <^Uie Instftute and to a»ras ftitare n^isi and opportniiitiM. The 
recommradations preMnt«i h«re fuw existed to teffil to esdting advance in our 
scientific knowledge and improve the quality of Ufa for many people. 



Horst R. Konrad, M.D. 
Barry W. Petersout Ph.D. 
Coohairpersons. Balance and 
the V^tibular System Pan^ 



Rita Sloan Bemdt, Ph.D. 
Laurence B. Lemiard, Ph.D, 
Cochairpersons I^guage and 
Language Impairments Panel 

National Institute on Deaftiess and 
Other Communicadon Disorders 
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EXECUTIVE 
SUMMARY 



Balance and the 
Vestibular System 

Over 90 million Americans have 
experienced dizziness or a balance 
IMToblera. Tliea»st«rfmediealear«fcMr 
patirate wiUi balan^ disord^ exceeds 
one billion dollars per year. Balance 
di^irders iaer^tte hi fr^uracy in Uie 
older ag« groups and by age 79 years 
be^me the most Mmmon reamm for 
Meklng hdp firom pby^dans. Over H)% 
of ^erly patients interviewed at home 
^mp lain of hftlnnce disorders. When one 
adds the cost of iiUury caused by 
imbalance and the lives and aircraft lost 
by the armed sM^iees due to balance- 
related disorientation, the cost becomes 
truly staggering. Since our population is 
af^ng, mora Americans will suffer from 
balaocc Jsmdersinthefliture. Abetter 
understanding of the normal ftinction, 
development and aging thb system and 
the disorders which affect it would 
certainly improve national health and 
reduce future health care costs. The need 
to understand niotloa sickness and 
orientation in high technology aircraft 
and altered gravity environments is also 
pressing. Our nation increasingly relies 
on such aircraft for national defense and 



has reafHrmed wBsjwr ^lace expl<Hration 
as a national goaL 

The primary receptors of the 
v^dbuUur system are looted la the inner 
ear and the system is rmiuired f<Mr the 
sen«a ^<HiratiUion in space, for 
iffft^fftiiiiiig balance and posture, for 
regulating locomotion and fine motor 
contnd and for the ability of a person to 
fix in view and fMlow an ohieci when the 
object or the person is in motimn* The 
brain also Integrates information firom 
the vestibular detectors and their central 
connections with information firom the 
eyes, sida, mu^lM and Jdats to create 
perc^ptkm <^body mrieatation and of 
motion of the body with respect to space. 
B^ause the system has many 
components, there are many symptoms 
that r^ect its malfiymction. 

A current view of the vestibular 
system is that the vestibular receptor 
organs "process" the for zea associated 
with head acceleration and changes in 
head position relative to gravity. Ner.es 
g<^g to brain conte^ centers are excited, 
and the brain uses these signals to 
develop a sense of orientation and to 
ac^vate automatically the muscle that 
subserve movement of the eyes. 
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loeomotiott a*id postare. Maayitfthe 
vestibular iMlhways in the central 
nervous »yutem are organized into reflex 
{wUiways tiiat serve to stabilize and 
coordinate movements of the eyes, head 
and body. These processes are 
collectiveiy r^nred to as the vestibular 
reltes systems. Onesnehr^lei^tbe 
vestibalo-oeular r^Iez, causes the ey^ to 
move in ret^on to head motion. 

Orientatkm is a comixes function 
that allows a person to know the 
relationship of parts of tite body to the 
mvironment in a dynamic and reciprocal 
Interaction. Maintaining orientation and 
balance requires the integration of 
information from many sources, 
especially the ears, eyes, skin, muscles 
and joints, and tran^orming these signals 
into coordinated patterns <rf muscle 
activity. Because vestibular signals 
interact with all the m^r sensory 
systems and involve m^|or brain centers, 
a large number of disease processes can 
impair balance. 

Motion stekness can occur with 
exposure to conflicting orientation cues, 
perceptions of space and motion signals. 
A high incidenoe of motion ^kness 
occurs In pUote bdng trains in 
stationary fii^t Emulators. Trainees 
Irarn behavimral resp<msM to prevent the 
devdopmimt of motion rickness. Space 
motion sickness, which affects a large 
number of astironauts. Is a mi^r 
unsolved problem for space traveL 



During the past decade, new 
protocols and computer-based 
teelmiques have been developed that can 
h^p In the evaluation ^gaae and balance 
disorders. V^tibiilar reflexes, p<»ture 
and tlie interaeti<ms ^dllfor^t sensory 
inputs to the c«Btral nervoua system can 
be measured precisely. Among the most 
remarkable pr«^ierties idthe vertibular 
and balance control systems are their 
abSBiy to maintain useful functioning 
responses to many novel motion 
m viroammts and thdr ability lo Mlapt to 
abnoraial ftinctimi hi <me or BMnre <tf tiieir 
components. Recent accomplishments 
include a recognition of the es^ntlal role 
(tf ad^tive i^astidty in the normal 
function of tiie v^bular system, 
developmmt <tf improved mathematical 
models of vestibular reflexes and an 
anatomical dMoriptimi <tf the basic 
drculby in the brain stem subserving the 
vestibular-octtlarreflezes. Important 
advances have also been made In 
understanding the structure and function 
of the vestibular rec^>tcw oi^uis and the 
way in which their activity is modulated 
by efiPerent signals originating In the 
brain. Work is now b^lnning to 
determine the neunHransmitters utilized 
by neural circuits in the vestibular 
system, to d^ne the chan^ that occur 
in this system during development and 
aging and to devise ^dent techniques 
for rehabilitating patients with vestibular 
dysfunction. 

Advances in diagnwds include 
computer-bas«i technology to identii^, 
quantify and locate tike source of balance 
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dysftmctiim* The Natiimai Rraearcb 
Counell reeratly suggested metiiods for 
9tandardi»tf «» itf teeing* test 
ioterpretatton and technician braining. 
Ongeiiig improvement in magnetic 
r^onance imaging provides for detection 
of smaller, more operable neopla^ns and 
the detection of several degmerative 
brain disorders including cerebral 
atherosclerosis, multiple sclerosis and 
spinocerebellar disorders. These 
de^opments have been complemented 
by the ability of dynamic computed 
tomography to measure blood flow in 
various parts of the brain. Such 
techniques result in early diagnosis and 
Improve the outcome of surgery. They 
also allow us to evaluate better the 
progression of disease, design clinical 
research programs and evaluate the 
effects of treatment Some autoimmune 
disorders and ataxic syndromes can now 
be diagnosed and treated with 
medication based on a better 
understanding of immune mechanisms 
and the role of brain transmitters. There 
are recent improvements in our 
understanding of the association between 
balance symptoms and the social, 
psychological and psychiatric disorders 
which freque?:tly accompany them. This 
und erstanding allows us to manage these 
patients in a comprehensive fashion 
rather than to focus on isolated balance 
disorders. 

Miyor Basic Scientific 
Opportunities 



There are five broad, high-priority 
areas for basic vestibular research: 
signal transduction by vestibular end- 
organs; reflex con^l of postare and 
gaze; sensory integration in spatial 
orientation, perception and motion 
sickn^s; adaptive changes in virotibular 
function; and development and aging of 
the vestibular system. Within each area, 
opportunities exist for research at the 
levels oft behavior, kinesiology and 
biophysics; anatomy and physiology; 
cellular properties, biophy^cs and 
metabolism; pharmacolof^, molecular 
biology and genetics; and mathematical 
and computer modeling. These 
opportunities can be summarized as 
follows: 

Signal Transduction by Vestibular 
End-Organs 

■ Important goals are to understand 
how vestibr lar end-organs convert head 
movements into neural signals and to 
determine the way in which this 
conversion is modulated by efferent 
projections from the brain to the end- 
organs. Research is needed to: 

o Describe the motions of the cupulae 
and otolithic membranes in 
response to head movements and 
examine the possible role of hair 
cell motility in modifying these 
motions. 

o Determine the distribution and 
organization of otolithic organ and 
semicircular canal inputs tv ihf? 
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vestibtilar iittd«i and cerebellum 
and dueidate the fimctkm <^ the 
vestibular eitwai sy^m in 
behaving animate through 
anatomic and phy^ok^ic research. 

o Characterize the biophysical 

pro|Miies of hair cells and afferent 
fiber terminals. This research 
should include studies of the hair 

^raMdncdon diannel, the 
basolateral currents within hair 
c^s and Uie ^fermit actions on 
both hair cells and afferent nerve 
terminals. 

o Conduct molecular biological 
studies which isolate and 
characterize the molecular 
comiKMsenta <^the transduction 
channel and associated regulatory 
proteins. 

o Identify neurotransmitters which 
mediate peripheral vestibular 
function . 

o Investigate metabolic requirements 
of Uie mnaory organs and neurons 
in the inner ear and the 
mechanisms ttf pit>duction <tf inner> 
ear fluids and transduction 
elements (cristae and maculae). 

o Itevelop dynamic models that 
predict and explain patterns of 
afferent fiber activation on the 
basis of anatomi«d and biophysical 
properties of end-organs. 



Reflex Control of^>sture and Gaze 

The goal is to understand the 
structure and fkuictkm of neural drcuits 
that taraai^orra vestibular s&awry input 
into the motor output required for control 
of pMtare, locomi^<m, Aie motmr 
activities and gaze. Research Is nraded 
to: 

o Characterize tiie behavioral 

strategies and neural mec h anis m s 
used to determine pMture and gaze 
during active and pas^ve motion 
and during combinations of linear 
and angular accete*ation in three- 
dimensions. Studies are also 
needed to define the effect of 
exposure to altered gravito-inertial 
fields on vestibular reflexes and 
their potential clinical 
consequences. 

o Characterize the anatomic and 

phyriologic properties of neuronal 
pathways that constitute the 
vestibular sj^tem in animal models 
and normal humans . It is 
ASI^ally im|M»rtant to identify 
pathways involve in vestibular 
reflex contn^ neck* axial and 
limb muscles and to determine the 
signals they carry. Empha^ 
should also be given to 
understanding the neural 
substrates of otolithic organ 
reflexes and postural stabilization. 

o Conflate stiructure and 

cytochemistry of neurons in 
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difrerent vestibular drcnits with 
yieir respiMise characterUtics. 

o Characterize the blf^hysical, 
BMdecular and phanBa«>l«^cal 
properties of specific groups of 
leSay neurons in postural and gaze 
reflex pathways* 

o Develop multidiraen^nal modeb 
that exploro the neural ha^ of 
dynamic and spatial 
tiransformations in vestibular 
reflexes. 

Sensory IntegraUan in Spa^l 
OHentatlontPerceptkm and Motion 
Skkness 

Understanding <tf the vestibular 
system r^uirM knowledge of Low 
vestibular signals latent wiUi 
informati<m firom oUier senses to generate 
perceptiims, movements and motion 
sickness. Research is n^ded to: 

O Describe sensorimotor and 

perceptiial reactions to complex 
combinations of linrar and angular 
accelerations and determine how 
vestibular, visual and 
proprioceptive inputs interact to 
generate per^ptions of space and 
body motion. 

o Conduct anatomic and physioit^c 
research to characterize the neural 
mechanisms that rambine otcrfithlc 
organ, semicircular canal, visual 
and somatosensory information to 



g^erate perc^^ptual and postural 
i^p<msM and that generate motion 
sickness. 

o Characterize the neural and 

humoral mechanisms associated 
witii motion sickness and vert^o at 
^ «»llular and md^ular levels. 

o Develop models that incoriKirate 
and test the understanding of the 
neural ba^ of postural and gaze 
control during active and pasdve 
motion. 

Adaptive Changes in Vestibular 
Function 

Stiidies of vMtibular adaptation 
can both reveal basic principles <^ motor 
learning and lead to strat^es for 
enhandng lecovery from vestibular 
lesions. Research is needed to: 

o Determine at the behavioral level, 
both the eztmit to which the 
wlaptive system can compensate 
for vestibular dysfunction and the 
sensory cues that are imfKnrtant in 
producing this compensation. 
Adaptive changes in both rapid and 
slow componente of the VOR and in 
postural reflexes should be studied. 

o Conduct anatomic and physlolo^c 
research to determine where in the 
brain stem and cerebellum the 
neural changes responsible for 
adaptive alteration of vestibular 
reflexes occur and how these 
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changes lead to the observed 
alteratloiis in behavior. 

o Charaeterize the Wophsrsical 
change tiiat occur at imrious 
neoral sHes during the adaptive 
prooMS. 

o Analyze the pharmaeidc^e and! 
m<^ecttlar bases of adaptive 
changes and the way In which they 
depend on ezpresai<m of molecular 
mechanisms such as proto* 
oncogene, s«N>nd mmsengers or 
hum<Mrai fiEictmrs. 

o Deveh^ models that account for 
adaptive changes at both the 
biophy^cal and neural circuit 
levels. 

Development and Aging of the 
Vestibular System 

Knowledge in this area will both 
help us deal with developmmital 
disorders and age-related declines in 
vestibular fiinction and also contribute to 
basic understanding of vestibular 
mechanisms. Research is needed Uk 

o Characterise at the behavioral level 
the progrmsion of per<»ptual and 
reflex ftuiction during development 
auditing. 

o Cimduct anatomic and physiologic 
rraearch to determine the 



mechanism(s) underlying 
devdopment of cmtral mtibular 
pathways, their relation to 
development id peripheral end' 
organs and the ontogenetic 
sequences of connectivity between 
ve^ibular neunms and motor and 
higher sensory centers in the brain. 

o Study how membrane and syni^tic 
properties of hair cells and 
vestibular sensory and motor 
neurons chan^ during 
develf^mentand i^^gand 
examine the roles <^ neural activity 
and neurotinmsmitters in 
producing those change at the 
i^Uular leveL 

o Determine the neurotransmitters 
present in vestibular brain stem 
nuclei over the course of 
development, maturation and 
agfng. 

Mfl^or Clinic Scientifie 
OpiM>rtumties 

There are six broad high priority 
areas for clinical vestibular research: 
prevalence and envinmmental factora; 
anatomict phydologic and molecular 
bases; diagnostic methods and testing 
prcfcedures; adai* «ive mechanisms; and 
medi^ and surgical therapy. These 
opportuniti^ can be summarized as 
fc^ows: 
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Prevalence and Environmental 
Factors 

It is ImportaBt to develop a better 
understanding ofdiseaM prevalence and 
possible associated environmental 
foctors. Researeb is needed tos 

o Assess ^distribution of balance 
disorders among different sectors 
of tte popnlatioa (indttdiag age, 
gender, fsaetic background and 
geograpby). 

o Identify environmental and 
occupational hazards that 
adversely affect balance. 

o Carry out a demographic study to 
evaluate the deleterious effects of 
prraci^tion and over*the<^unter 
medi^Uions which may produce 
central or peripheral vestibular 
alterad<ms. 

Anatomic PbysMogk and Molecular 
Bases 

A better understanding of 
anatomic physiologic and molecular 
bases (tf normal wad abnormal balance 
proceraes is needed. 

o Determine modifications of 

neuronal vestibular pathways in 
animal and human patholc^ 
specimens with known vestibular 
dysfunction. 



i^alyze the m«decnlar and 



spedfie groups «tf rolay n^mms in 
postural and gaze reflex pathways. 
The devdopment ni these 
prop^^ from embryo to adult 
vestibular systems should be traced 
and changes that accompany aging 
examined. 

I^termine Uie coexistence of 
multiple neurotransmitters within 
sbifl^e v^tibular synapses. 

Determine the excitatory and 
Inhibitory neurotransmitters In the 
vestibular pcwtlon <MtUie brain stem 
nuclei during development, 
matora^n and aging. 

Develop animal models to study the 
pathophysidogy of vestibular 
diseases. 

Examine stiruetural changes in 
vestibular pathways in animal and 
human pathdogte specimens with 
known vestibular dysfunction. 

Inv^tigate the molecular basis of 
acquired and congenital inner-ear 
disorders in humans and animal 
models. 

Study and conrelate peripheral and 
centos J pathologic abnormalities 
with biochemical and molecular 
changes in human subjects with 
well-studied disease. 
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Dia^iostic Me^odsand Testing 
Procedures 

Improved testa of balance function, 
a more standardized method of testing 
and research on pathcdo^ are needed . 

o I>evel<H> new teste to evaluate 
otolithic organ and vertfcal 
semicircular can^ (Unction in 
humans, including fireely-moving 
subjects. 

o Develop tests to define the 

contributions of neck receptors to 
normal gaze and balance function 
and to vertigo and imbalance in 
pathologic conditions. 

o Develop new tests for vestibular 
function involving non-invasive 
recordia<* of neural activity and/or 
reflex responses elicited by specific 
mechanical or electrical stimuli 
that activate vestibular afferents. 

o Develop new and improved 
methods for the evaluation of 
posture under static and dynamic 
conditions. 

o Develop standards for the more 
eommonly-used diagnostic tests in 
the vestibular test battery. 

o Develop improved psychophysical 
methods for evalus^on of 
vestibular function in health and 
disease. 



o Develop animal models to study the 
reliability and validity of new 
vestibular tests. 

o Develop methods to detect 

immunologic and autoimmune 
inaer-«»ar disorders and neoplasms 
for the diagnosis of vestibular 
system disorders. 

o Validate currentiy accepted 

diagnoses or new diagnoses based 
on clinical pathologic correlation. 

o Conduct serial (longitudinal) 

studies of the changes in vestibular 
tests in patients with well-defined 
pathologic processes. 

Adaptive Mechanisms 

Adaptive mechanisms play an 
important role in normal balance 
function, compensation for disease and 
rehabilitation. 

o Analyze the molecular and 

pharmacologic bases of adaptive 
changes in the vestibular system. 

o Investigate the use of 

pharmacologic agents to modulate 
changes in adaptive compensation. 

o Extend studies of adaptive 

behavior to consider the conditions 
of unilateral and bUateral 
labyrinihectomy in an attempt to 
understand the response to 
vestibular damage. 
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o IHtemineifthere is a critical 
period for tiie initiatioii of 
vestibtilar exorcises to facilitate 
recovery foUowiag the sudden 
onset of vestibular loss or 
dysftmctfoB in humans. 

o Determine the opUmal 

characteristics of vestibuliur 
stimulatioB necessary to facilitate 
recovery in different vestibular 
disorders. 

Medical and Surgkal Therapy 

Medical and surgical therapy is 
frequently hased on insuffident 
determination of efficacy. Standardized 
reportii^ of rMults is critical, and Uie 
efficacy of treatment should be 
determined. 

o Perform multi-center, prospective, 
controlled cUnical trials which: 
o evaluate medical therapy for 

vestibular symptoms, 
o evaluate Mmotic or renal lo<^ 

diuretics for the treatment of 

episodic vertigo, 
o compare me<iical to surgical 

ablative therapy in Meniere's 

disease. 

o Study the paOiologic effect of vessel 
loop compression on the vestibular 
nerve and tiie ^ectiveness of 
vessel loop relo^tion. 



o Study the anatomic, physiologic 

and pharmacol^c central nervous 
system ccmrelates oi neurectmny 
(partial and total) compared to 
labyrinthectomy in appropriate 
animal models. 

o Det«rraine the effect of surgical 

manipttlatimi ot tiie cochlear n«rve 
and the fadal nerve intiracranlally 
and in the internal auditory canal. 

o Determine the effect of the 

peripheral and (^ntiral mdecular, 
biochemical and s^ctural changes 
following various abli^on 
procedure e.g. labyrinthectomy 
and partial and total vestibular 
neurectomy. 

Language and 

Language 

Impairments 

Language is the uniquely human 
means dfcommunioition through which 
knowledee, belief and behavior can be 
exptoined and idiared. The broad goal of 
research on language ia to understand the 
nature of normal language function, 
including the underlying bases and 
mechanisms involved. A primary 
purpose of tills work is to build the 
foundation necessary to develop and 
evaluate intervention strategies dedgn^ 
to improve and enhance communication 
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for individuals with language disorders. 
The imd«rrt«itdtng of ntgmal InngwRge 
(whetiier spokca, dgaed, wt writt^) 
provides a basis comparison in 
investlgirtloiis of laagaage disorders. It is 
critical to underatand how language Is 
produced and understood, what its 
biological and neural substrates and 
organizing principles are, how it is 
learned by chiUhmi and how it is 
processed in adolthood. 

Language acquisition takes place 
naturally for most children, including 
those who have normal hearing and those 
who are deaf with signing deaf parents. 
However, much research is still needed 
before normal language acquisition can 
be AiUy understood. There is an 
espedaily great need for data firom all of 
the div^:^ groups of children that make 
up TOntemporary U.S. society. In light of 
the growing role played in society by 
different racial* ethnic and Modal groups, 
it is essential that these populations be 
properly represented in the subject pools 
for studies of normal language processes. 

Individuals with normal hearing, as 
well as those with hearing impairment, 
may exhibit a disorder of language, that 
is, problems with language 
comprehension, production or use 
sufficient to Interfere with interpersonal 
communication. In young children, these 
disorders frequently Involve difficulty in 
the acquisition of the ambient spoken or 
signed language and may also lead to 
impairment in reading and writing. In 
adults and older children, persons with 



language impairment include aphasic 
individuals who have lost their previous 
levels of language competence as a result 
of brain ii^ury. 

Disorders of language aftect 
children and adulte differently and pose 
different sorts of research questions. For 
tlie child who does not use language 
normally from birth or who develops the 
impairment in chUdhood, the disorder 
occurs in the context of a language 
system that is not f^lly developed. In 
contrast, impairment nt language in 
adults disrupts a system that may be less 
malleable in the face of neural damage. 
As a result, although the broad goals of 
research on language disorders are 
similar whether the affected individuals 
are children or adults, the research 
agendas for these two groups are 
considered separately. 

Both the review of research 
accomplishments and the discussion of 
research opportunities are divided into 
fmirfMieral areas. The first of these 
concerns multicultural issues. This area 
receives emphasis because, with U.S. 
society becoming increasingly diverse, it 
is vital that evaluation of language ability 
be based on representative normative 
data. Moreover, there are indications 
that particular disorders may be more 
prevalent among certain groups; the 
development of preventive measures 
must rely on a clear understanding of the 
distribution of, and underlying bases for, 
language disorders in the population at 
laji^e. 
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A second general area concerns 
language among deaf diildren and 
adults. Although much has been learned 
about the natural acquisition of signed 
languages, many details of tiie nature of 
this process are still unknown. 
Furthermore, many deaf children who 
acquire a signed language with little 
difficulty nevertheless have significant 
problems learning to read and write. 
Another important consideration is the 
fact that large numbers of individuals, 
including those whose hearing 
impairment was acquired during 
childhood, use spoken language as their 
primary mode of eommunicadon. The 
language acquisition and use of many of 
these people are characterized by 
difficulties not faced by most hearing 
pers<ms. 

A third general area deals with 
language disorders in children. These 
disorders can be discussed in terms of 
whether the langnage difficulties exist in 
isolation or in assot^tlon with other 
problems and whether the factors 
interfering with language were present 
from birth or appeared later. Many 
children with isolated language problems 
present from birth are given the clinical 
label of "specifically language impaired". 
Children with language disorders 
occurring in conjunction with other 
developmental disorders include children 
with me'^tal retardation and those with 
autism, among others. Finally, a number 
of children b^(in the language learning 
process normally but then acquire a 



language disorder through infection, 
stroke or trauma. 

The topic of language disorders in 
adults constitutes the fourth general area 
of cenceatralkm. The primary cause of 
such disorders la a focal brain lesion, 
caused by a stroke or he^ isjury. 
Language disorders can also occur as a 
primary symptom of progressive 
dementing illnesses. In both eases, the 
previously-normal language system is 
changed in ways that can be devastating 
to the economic and social well-being of 
the affected individuals. Recent res earch 
on adult language disorders has 
emphasized the wide range and 
combination of language symptoms that 
can occur when the brain is damaged. 
This diversity of language impairments 
complicates efforts to understand tha 
underlying functional bases for these 
disorders, to link particular symptoms to 
specific brain regions and to design 
effective rehabilitation techniques. 

For all four <^ these areas of focus, 
current research opportunities 
emphasize stodies that enhance 
understanding of the normal language 
system, while clarifying the various ways 
that language or language acquisition 
can break down. In all areas, successful 
intervention to address language 
impairments must be based on precise 
knowledge of the ways in which the 
disordered condition differs firom the 
normal case. 
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Migor Scientific 
Opportimities 

Muttkultuni Issues 

Specific research relating to 
multicoltaral issuM should: 

o Include nonnatf ve studies for 
different languages or social 
dialecto which focus on the 
acqu^t^ and use <rt phonological 
and grammatical forms as well as 
dNitent and pr^matlcs. 
InvMtiga^ons of Uie simultaneous 
or conMCtttive acquisition of two or 
more linguistic systems are also 
necessary. Such research can 
include investigations of '*critical 
periods'* for dual language learning 
and code switching. 

o Ohtain bade ef^emiologic 

informati<ni «m tiie incidence und 
prevalence oiand risk factors for 
speech* langu^ and hearing 
disorders within Afirican- American, 
Hispanic Asian/Padfie Islander 
and Native American populations, 
as available data may not be 
generalixable across these groups. 

o Explore factors that might impede 
the efficacy of Uvatment, such as 
diffierences in cognitive or learning 
styles and cultural systems of 
belief. 



o Develop means of differentiating 
between language difference and 
disorders across cultural groups. 

o Investigate the inddence and 

prevalence of and riak factors for 
adult neurt^enic Impairment 
among culturally-diverse and 
biUngual iM^ulati<ms 

Language and l^f People 

Language Development In 
Deaf Children 

Within this area, new studies are 
needed to: 

o Identify and describe patterns of 
acquisiti<Hi of American Sign 
Language (ASL), partlculariy when 
acc^ to a firat natural language is 
delayed or incomplete. 

o Identify and describe patterns of 
language acquisition of children 
exposed primarily to systems or 
styles of signing in which the 
intention is to model or support 
En^Ush speech. 

o Identify and describe patterns of 
langu^e acquisition among 
children exposed primarily to oral 
language. 

o Identify and describe patterns of 
language acquisition of children 
primarily exposed to spoken 
English through Cued Speech. 
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Id«iit^ and draeribe patterns of 
related cognitive, {>sychological 
and academic d^ldto 
a^>miMByingd^ayed language o 
acquisition. 

Study the nature and value of 
language models provkl^ by 
hearing adults in contact with deaf 
children. This research should 
include irtudiM of the nature of 
r^eptive and productive aspects of 
English-like signing In addlti<m to o 
aspects <tf auditfMry, oral language 
models. 

Identify deaf children who have 
languiq^e disorders by exanyning c 
and describing the differences 
between normal and language- 
impaired deaf children 

Study approaches and techniques 
for the training of hearing parents 
of deaf children to sign or to 
facilitate the development of their 
children's spoken language, o 
including the use of Cu^ Sp^ch. 

Identify and describe the processes 
of reorganizati<m of the input 
language* particularly 
pidginization and creolization 
processes in language contact o 
situations. 

Identify and describe the invention 
of gestural languai^ systems 
without formal si^ input and the 



ration of this process to eventual 
signed or spoken language 
development. 

Stuciy approaches and techniques 
tw evaluating the p^ntlal of new 
technology and intervention 
strategies (such as auditory 
prostheses, laser disk technology, 
computer-based training systems) 
for promoting sp<^en language 
acquisition by deaf children. 

Identify critical periods for both the 
natural acquisition and training of 
^[»oken or signed language by deaf 
children. 

Develop the means of identifying 
language dis<ntlers In deaf children 
from different cultures. 

Studies of Literacy In Deaf 
Children and Adults 

Research should to conducted iot 

Study the nature coprocessing text 
by su^essftil deaf r^uiers in an 
attempt to identify the tawi 
effiM^tive s^t^^ both auditory 
and visual, for the teaching of 
literacy to deaf iwople. 

Develop and test new strategies and 
techniques for teaching English as 
a second language to deaf children 
who mi^e use of their capabilities 
for visual language processing. 
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o Study tlie role of captioniiig, 
tdecommttaiiea^m devices, 
personal computers and other 
teehaolo^eal iiifln«ices on the 
improvemeiit of deaf ehildren^s 
literaey skills. 

o Study the relatioAships between 
sp^sh proceuing and Ut««cy in 
deaf chOdrw who use spoken 
laagua^ primarily. 

o Study the r^tionships among 

speech processing, sign processing 
and literacy in d^ children who 
use sign language. 

o Develop and evaluate appropriate 
and psychometrically-K»und teats 
of psyehosodal, intellectual and 
academic developm^t and of firot- 
and sTOond-Ianguage acquisition 
by deaf children and adults under a 
vartety of language use cmiditlons. 

o Examine the interaction of 

acquisition of signed languages 
with spoken and written language 
and b^n k» eharroterixe the 
resulting biUngualism. Studies of 
the order <rf acquiidtlcm of speech 
and signed language as they affect 
childrai's eventual acquisition of 
English language and literacy 
should also conducts 

Basic Research on Sign 
Language Structure and 
Function 



Investigators should be encouraged 
to: 

o Continue research on brain 
mapping for sign language 
functions. 

o Develop improved techniques for 
imaging sign language motions in 
threenlimen^onal space. 

o Conduct further in vrati^itions into 
how deaf people perceive and 
process visually. Studies ^mld 
include la vestigatlims of the 
relation between limb conti*ol and 
vislmi and of the ftincti^ming of deaf 
people with visual disorders. 

o Cmiduct studies of the nature of 
paralM processing of language, 
such as the ^multanmius 
procM^g of visual and auditory 
informatioa. 

o Expand studies <^ the brain and 
language, such as those on the 
spedalisation of the cerebral 
hemispheres for languaf^ and 
other cognitive processing. 

o Study signed language and othei 
langua^ used by the deaf 
community firom 
functi<Hial/psycbol<^cal and 
stiructural/tingtf istic perspectives. 
Studio should focus on the nature 
of the ''creolization** of signed 
language and tiie effect of 
interaction of modality and 
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language structtiref Including 
contact siguing. 

o Study rigaed language other tlian 
ASL and varieties of signing within 
ASL, to identify the role ^cultural 
and ethnic dSlferences on signed 
language use by deaf pe<^»le. 

o Study other signed languages, such 
as fdmuitaneous eommuni^timi 
and ^gned English, relative to the 
acquisition of En^h language by 
deaf children. 

o Relate infants' rarly aequisitifni <^ 
sign language phonology, assessed 
through tests of rign perception, to 
the acquisition irfthe higher levels 
of language, such as the acquisition 
of words (leziGon), word maanings 
(semantics) and grammar (syntax). 

o Investigate ba^ and liigher level 
procesMS uad^ying vision, 
including the requirements of 
structured use of space and 
movement* tiie proeesdng of 
compl«i dynamic arrays and the 
percepti<m itf motion and form* 

o Study the impairments to sign 

perc^Btlim in deaf indivMuals who 
become aphasic or who sustain 
other cognitive impairments 
subsequent to brain damage. 

Language and Its Disorders in 
Children 



Bases of Language Disorders 
in Children 

Research should be carried out to: 

o Examine the Unguistie profiles of 
language-Impaired children to 
determine If th^ vary aocordlng to 
the type (Slanguage bdng acquired 
(e4Pv aunrphologically rich vs. 
sparse; flexible vs. rigid word 
order). Tte WMikuMSM cri>served 
in language-Impaired children 
across Uiese languages might 
reveal a common factor that may be 
the source of Uie disorder. 

o Examine the impi^ on language 
production of structural anomallM 
of the speech mechanism, such as 
cranifltflaelal anomalies, long- 
standing tracheotomies or severe 
neuromotmrim^drment. The 
r^tive contribution 9i subtie 
m<rtor spewh problems to certain 
subtypes oi language impairment is 
not known. 

o Study the normally-developing 
brain across the life span using a 
wide range of anatomic, 
physiologic and metabolic 
techniques. New advances in 
imaging the brain (anatomic 
physiologic and metabolic) are 
particularly important to apply to 
studies investigating normal and 
abnormal developmenL 
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o Conduct multidisGipUnary studies 
that comUae ima^g t^hniques 
with fine-grained behavioral 
analy^ irf pi o c e s ses undmrljrii^ 
language dev^pmeat and 
disorders. 

o Dettf nine the reason for the much 
highw prevalence «tf 
developmental language disorders 
in boys than girU. 

o Isoiate those c<^nitivewreas not 
represented In IQ tests and 
determine whether or not these 
areas interact with language 
fiinetioning. 

o Determine to what extent language 
impairment may be secondary to 
psychosodal disorder. 

o Determine to what extent 

psychosocial disorders may result 
from a primary language 
impairment. There are special 
groups of children and youths who 
are at risk for language disorders 
and language-based l^uming 
disorders. These special groups 
include victims of abuse, neglect or 
drug' or alcohol-related lifestyles 
and homelessness and general 
victims of poverty. 

o Determine to what extent failures in 
communication and education are 
related to psych<»odal factors. 

Assessment 



Initiatives are needed to: 

o IHvelop psychomeliically-sound 
and cultnrally-fiBir and aenMve 
pro(»durM for the measurement of 
language comprehension and 
produetlon to be used in Idwtifying 
and clas^fyirg language 
impairmente. 

o Develop alternative assMsment 
starat^tes including criterion- 
reforenced testing, observational 
twhaiques, interview procedures 
and other informal strategies. 

o Explore the utility of state-of-the- 
art computer technology in 
language assessment including 
language sampling analysis. 

o Develop assessment s^tegies 
which have application, validity 
and reliability for identifying 
language dbordere in children in a 
variety of ass^ment contexts (e.gn 
school, home, clinic). 

o Determine the most appropriate 
strat^es for evaluating limited- 
English'proficient(LEP) children 
including the use of intorpretere or 
informants. 

o Develop assessment tools for 

pr^chool populations, especially 
for children under three years of 
age. 
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Academic, Social and 
Vocational Impact 

Research is needed tm 

o Study tiierelatioBship between 

language disorders and subsequoit 
or Mmeondtant teaming 
disabffities. 

o Study tiie relationsli^ in children 
between language disorders and 
social adjustment problems. 

Intervention 

Rwearch must be conducted to: 

o Develop new intervMiti<Hi 

strat^ira based upon current 
tbewetieal models and establish 
thdr efficacy. 

o Determine the efficacy of currently 
available intervention statitegiM 
through both single subject studies 
and studies of childr«i who clearly 
represent diffiBrmit tyi^ of 
langua^ impairment 

o Evaluate alternative models of 

service delivery such as family- or 
school-based programs versus 
direct delivery by speech-language 
pathologists. 

o In vMtigate the use of computers 
and recent tecimologic advances 
(for example, in speech reco^ition 
and spe^h production) in 



intervention with language- 
impaired ehUdrm and with deaf 
ehildrm learning oral language. 

Language and Its l>isorders in Adults 

Brain-Language Relations 

Itetailed s^dy is needed tot 

o Investigate the mechanisms by 

which recovery takes place and the 
basis for individual differences in 
r^overy, udng a variety of 
technique fwr indexing brain 
activi^ i££|£fi(e.g., positron 
emission tomography, single 
photon emissiim computed 
tom<^raphy, event^related 
potentials). 

o Clarify Uie role of tbe non-dominant 
(typically right) cerebral 
hemisphere Ui the assumption of 
language Amotions following 
damage to the dominant 
hemisphere. 

o Relate specific symptoms to 

discrete brain regions using lesion 
analysis. A coirelation between the 
breakdown of mot<Nr speech 
planning and structiiral brain 
lesions has been demonstrated, but 
other potentially localizable 
language skills (such as speech 
sound discrimination and oral 
word comprehension) are still 
inadequately mapped. 
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o D^ne by dinl^anatomie study 
the liiik between |>roc8sses that are 
closely related to w^-locaUzed 
structures and tho^ that are 
broadly distributed in tiie language 
zone. 

o Identiiy wdl-defined forms of 
selective impairmeats through 
detailed study ^indlvidaal cases, 
indndiag careful analysis of brabi 
lesions and <^ ftinctional language 
impairraent 

o Explore the role of various 

neuroUtutsmittttr systems in the 
raediatimi of particular language 
operations. The potential for 
pharmanrii^cal teeatment follows 
directiy fkom such understanding. 

Analysis of Processes 
Underlying Language 
Disorders 

Continued study Is need(Mi to: 

o Extend recent pn^ress in the 
c^nitive sden^s to an 
understanding of the structui^ of 
normal langua^ processing. For 
example, trohniqura involving real* 
time analysis <^n«rmal*language 
procMses should \» adi^vt^ to 
e^samine the nature of language 
pathology. 

o Distinguish the various forms of 
dysfunction that characterize 
oral/aural, written and ^gned 



languages through comparative 
stady of impairments in th<Me 
modalities. 

o Elueklate the relatioaship between 
deficits that u« spMific to tiie 
language system and those that 
arise from pereeptual, motor, or 
other cognitive disorders and 
clarify their relative contributions 
to complex language impairments. 
Information about such 
ielati<mshi|M could provide an 
imp<»'tant basis for the design of 
newtreatoients. 

o Continue comparative analyses <^ 
disorders in different languages, on 
the assumption that language- 
specific dilfereaera in symptoms 
can help rev^ tiie linguistic and 
cognitive mechanisms tiiat 
subserve language processing. 

o Develop artificial intelligence 
compute models that simulate 
normal language and its disorders. 

Assessment, Intervention and 
Recovery 

Specific opportunities in these 
areas include efforts toe 

o Demonstrate the efficacy and 
efficiency of the existing 
intervention stantegiM for aphasia 
treatinent Such demonstrations 
will require development of new 
approaches to the evaluation of 
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efficacy which use both single 
subject and group methods. 

Revise and improve existing 
ittsessmmt prof^uTM in order to 
bring tiieiii into line with current 
understanding of Uie relationship 
of patients' ssrmptoms to causal 
underlying language deficits, 

Develop a workable diagnostic 
scheme that provides a rational 
basis for the classification of 
patients and tor ramprehensive 
characterization of th^ deficits. 

Develop ftsnctitmal assessment 
tools to evaluate the a>mmuaicative 
abilities of language-impaired 
individuals. 

Study the patterns of symptoms in 
patients i^th diMrders in which 
detMioration instead of 
improvement is the natiiral course, 
for esampte, in Alzheinier's disease. 
Identification of predictors of the 
emirse ^pr<^pra«tion itf language 
disorders in such patients would 
conteibute to tiielr management 
and pro^e a basis for 
approaching intM^ention. 

Develop and evaluate computer- 
assisted instruction as an 
intervention strata for working 
with aphasic individuals. In 
particular, strategies Uiat capitalize 
on recent information concerning 
the functional basis of specific 



language symptoms or that provide 
apha^ iadividuais with workable 
compensatory mechanisms should 
bedevek^lMd. 

o Develop and evaluate alternative 
and augmratative ^mmuni^rtion 
systems for adults with language 
deficits. Adults severely -impaired 
in understanding and producing 
language may be capable of 
effective communication by 
alternative means, Indnding 
computer-based systems. 

o Investigate social and cultural 
factots that have the potential to 
affect trMtnMnt outcome and 
evaluate tiie relative contribution 
(tf these fiu^tors to individual 
differra^ in response to 
tireatment 

Comparative Language 
Studies 

New initiatives are need^ to: 

o Obtain normative data firom 

healthy individuals <^ various ages 
to determine whetiier or not there 
are changes throughout the life 
span in the use of spoken, written 
or signal language. 

o Develop normative data on adults 
from a range of social strata and 
linguistic and cultural 
backgrounds to provide a basb for 
addressing the contributions of 
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sociocultural factors, bilingualism 
and normal aging to language 
impairments. 

o Compare anaijr^ of 1^ and right- 
brain damaged hearing suhjects to 
det«nniae the «rtrat to which the 
ri^t henisptee may be involved 
in language use. Study brain- 
damaged us^ oi rign language in 
order to understand hemispherie 
spedalisatkw for complex 
linguistic properties conveyed 
through spatial mechanisms. 

o Study the differences that exist 
between the language disorders of 
fiMialfy brain dami^ed patients and 
those that accompany more 
generalized brain dysfunction. 
Comparisons among the forms that 



language breakdown can take 
secondary to these various causes 
have suggested important 
hmctionai dissociations, but 
ftir^«r stady is required to clarify 
the nature (rfand underlying bases 
for these differences. 

o Develop ncnwative date on the 
language ftinctioning of diverse 
populations to provide a 
substantive ta^ for eqiproaching 
their language disorders, 
population of the United States b 
increasingly multilingual; as this 
population ages and its risk of 
stroke and coas«|uent aphasia 
increaseSf there will be an 
increasing number of bilingual 
hidividuals with language 
disorders. 



24 



31 



BALANCE AND THE 
VESTIBULAR SYSTEM 



BALANCE AND THE VESTIBULAR SYSTEM 



Table of Contents 

Overview 31 

Symptoms ^ 

Prevalence and Costs *3 

Diagnosis and Treatment 34 

A Current View of Vestibular Function 3S 

Understanding the Molecular, Cellalar and Neural Basis of Peripheral 

and Central Vestibular Function 35 

Signal Transductlfm by Vestihular End-Organs 38 

R^exCcoitarfrf of Picture and Gaze 37 

Sensmry Integration In Spatial Orientatl<m, Perception and 

Moti«MiS^ckn^ 38 

AdaptiveChangesinVes^bular Function 39 

Related Topics 41 

Development and Aging 41 

Neural ModeUng 42 

Neurotransmitters and Molecular Biology 43 

Understanding PathophysitOogy 43 

Recent Accomplishments 44 

Understanding the Molecular, Cellular and Neural Basis of Peripheral 

and Central Vestibular Function 44 

Signal Transduction by Vestibular End-Organs 44 

Reflex Control of Posture and Gaze 45 

Sensory Integration In Spatial Orientation, Perception and 

Motion ^kness 48 

Adaptive Changes in Vestibular Function 47 

Related Topics 48 

Development and Aging 48 

Neural Modeling 48 

Neurotransmitters and Molecular Biology 49 



BALANCE AND THE VESTIBULAR SY^M 



Adyaneesia Diagnosis ^ 

Testing - Physical 4» 

Testing - Lalsoratory/Radiology *1 

Advances in Treatment 51 

Medical Tlierapy *1 

Surgical Therapy ® 

Rehabilitation 

Program Goals 

Understanding the Mi^ecular, CeUular and Neural Basis of Pheripheral 
and Central Vestibular Function ^ 

^gnal Transduction by Vestibular End-Organs 94 

Reflex Control of Posture and Gaze W 

Sensory Int^ration In Spatial Orientation, Perception and 

Motion Sickness 56 

Natural Motion Versus Passive Motion 56 

Procesdng and ModeUngoftiieVestibulo-Spinal System ... 96 

Neural Ba^ for Spatial Orientati<m 56 

Motion Sickness 57 

Adaptive Changes in Vestibular Function 57 

Related Topicn 58 

DeveloffliMit and Aging 58 

Neurai ModeUng 58 

Neurotransmitters and Molecular Bi<^ogy 60 

Understanding Pathophysiology 51 

Needs in Dia^osis •••• 51 

Needs in Treatment 52 

Medical Therapy 52 

Surgical Therapy 53 

Rehabilitation 53 



28 



ERIC 



34 



BALANCE AND THE VESTIBULAR SYSTEM 



Research Opportunities W 

M^|«r Basic Sdendfic Opportunities ^ 

Signal Transduction by Vestibular End'Organs 64 

Reflex Coated of Posture and Gaze 65 

Sensory Integration in Spatial Orientation, Perception and 

Motion Sickness 65 

Adaptive Changes in Vestibular function 66 

DevelopDientand Aging of Uie Vestibular System 66 

M^|or Clinical Scientific Opportuniti^ ^ 

Presence and Environmental Factors 67 

Anatond^Pbysiirfoglc and Molecular Bases 67 

Diagnmtic Methods and Testing Procedures 68 

Adi^tiiw Mechanisms W 

Medical and Surgical Therapy ^ 



29 

^ rr 

o »>•> 

ERIC 



BALANCE AND THE 
VESTIBULAR SYSTEM 



Overview 

The vestibular system maintains 
our balanee imd iN»ture, regulates 
locomotioa and other viditimial 
movemento and providra a cons^ous 
awarwess of ortentation in space and a 
visual fizatl<m in motion. Di^i»e, aging» 
exposure to unusual motfon or altered 
gravitational environments (e.gM 
aerospace flight) can impair b^ance. In 
the United States, over 00 million people 
have experienced dizzin^ or a balance 
problem. F(Mr example, there are an 
estimated 38.000 new cases of Meniere's 
disease each y^r, one of many disorders 
that aflirots the vestibular system, and 
dizzin^ is the most common reason for 
seeking medical care in the over-75-year 
age group. Am^orconwquence<^ 
vestibulflur disturbance is diminished 
c<^ability and desire for purp<»eful 
activity. Tliere may also be 
incapacitating effect on motor task 
performance and sensorimotor 
int<^ration. Furtherm<H^ m<^vation, 
concentration, memory, food intake and 
digestion and many other human 
activities may be adversely aflwted. 

The vestibular receptors located in 
the labyrinth of the inner ear signal 



motion and pmition of the head. Nerve 
flbei^ connecting these re^ptors to the 
brain inrovide information about head 
movements to produce vestibular 
reflexes. Brain circuits int^rate 
vestibular information witii other sensory 
signals fk^m tiie ey^ skin, musdes and 
j<^ts to produce a complex set of reflexes 
that interact to maintain pwture and 
visual fixation in motion. In addition, the 
signals ^nbibute to an internal 
repr^entation or picture of body 
orientation and self motion. 

The vestibular system is a complex, 
highly-interactive set of brain 
m^hanisms capable <^ continuous 
adaptations to changes in the body and 
Uie environment Because it has n'~ny 
components, there are many symptoms 
that indicate its malftiactimi, which range 
from mild discomfort to total 
incapacitation. Although balance is 
normally an automatic unconscious 
process, it is essential for purp<»eful 
movement and effective communication. 

Understanding how the vestibular 
system works is a scientific and technical 
challenge. The fluid-filled receptor end- 
oilcans that detect motion and head 
position are encased in bone and are 
difficult to access, manipulate and study. 
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The ssrstem is complez because it 
integrates many kinds of sensory 
information and utilizes a varied of 
neurochemical transmitters, and Its 
malftinctfon results in a multitude of 
symptoms. The eomplesily of vestibular 
system fraction requires an 
int^dlscipUnary approach, indutUng 
rigor^s anatomical, physlol<^cai, 
biochemical, molecular bl<rt<^ical, 
pharmiwol<^cal, behavioral, perceptuid 
and clinical studies. Biological data 
should be incorporated Into 
mathematical computational models to 
examine and understand the Integrated 
action of vestibular receptors an«! brain 
circuits in maintaining balance, 
orientation and the visual fixation and 
postural stability required for iMomotion 
and other volitional movements. The 
resulting models should be utilized to 
predict changes that will result from 
path<rfogic conditions. Symptoms of 
these conditions should be evaluated in 
the context of the model predictions to 
reach a global understanding of the 
normal vestibular system and its 
pathophysiology. 

Symptoms 

The symptoms of vestibular system 
dysfiinction are varied, reflecting the 
complexity of functional interconnections 
of the vestibular system with vision, 
tendon and Joint position sensors, the 
digestive system and even the psyche 
(anxiety disorders). 
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Dysftinction of the vestibular 
system, particulariy the inn^ ear and its 
Interconnectiims with the brain, may 
cause halludnation of movement, 
variably d^cribed with such terms as 
dizziness, disorientation, vertigo, 
signing, fUmting, rocking, 
lightheadedness, gfaldiness, sense of 
falling, imbalance, unsteadiness, or 
difficulty walking. 

Symptom characteristics and the 
de^ee to which the patieut is 
incapacitate depend upon the nature of 
the disorder. The symptoms may be 
episodic or continuous and may vary Ln 
frequency, severity and rapidity of onset 
If there Is damage to the system, the 
ligation (either In the Inner ear or brain) 
as well as the magnitude of that damage 
play roles in the generation of symptoms. 

BiUance system dysfunction, if 
severe enough, can also provoke 
responses in the digestive system (nausea, 
vomiting and diarrhea ), ciraulatory 
system (pallor, changes in blood pressure 
and pulse) and skin (f^rsplration, cold or 
clammy sensation). 

The psycholt^cal impact of 
vestibular symptoms should not be 
underestimated. The fear of falling, with 
the chance of physical injury, adversely 
affects the individual's sense of 
independence and quality of life, 
particularly in the elderly. Similarly, the 
fear of a sudden attack of dizadness with 
socially-embarrassing ataxia, nausea and 
vomiting can cause individuals to become 
withdrawn. Subconscious fear may play 
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a rule in aforai»bobia and subti« 
dysftinetioB of tiie vestibtUar system may 
underlie difSQultfc« in hand^ting and 
reading. Vesttbuiardysftinetton 
diversely affects the ability to perfcwm 
the most routine activities, such as taking 
a shower, housekeeping duties and 
driving an automobile, and may prevent 
patiento from holding high-risk ^bs, e.g.» 
telephone line-man, mTOhanie and bus 
driver. 

IMsmrientation, i.e., wrmi^y 
perceived tilt or motion ^ the body 
relative to the environment, can arise 
Arom abnormalides in the vMtfbular 
system or result from subjecting the 
normal vestibular system to an abnormal 
environment 

Motion sickness is currentiy 
regarded as the brain's resp<«se to 
conflicting smsory messages about the 
bcMly*s orientadon and state of motion. 
The sensors In vcdved include the 
vestibular part of the inner ear, the eyes 
and body pressure and J<^t portion 
sensors. Nausea, vomiting and poor 
concentration are symptoms provoked by 
**sensory mismatch." 

Dizziness comprises a spectrum of 
disorders ranging from lightiieadedness 
and giddiness to frank vertigo and 
dysequilibrium. Attempts to determine 
precisely the true incidence of 
vertigo/imbalance stemming from 
peripheral and antral vestibular system 
dysfunction are foiled by the naturo of the 
disorders and the complexity of the 
balance control mechanisms. However, it 



is clear that balance disorders afflict a 
lai^e |nt»portion o{ the population, 
particulariy the elderly. 

Prevalence and Costs 

Recent estimate exist for the 
prevalence of balance disorders in 
genend, Mentero*s disease and benign 
paroxysmal positional vmrtigo (BPPV). 
Examination of h<»]rital statistics by 
dischai^ diagnosis shows that for th<^ 
people under 89 years of a^ iSS.6S0 
h<»pital days per year, <m average, are 
provoked by dysequittbrium. In the 
general population (all agra), 347,000 
hospital days are incunred because <tf 
^vert^^ous syndromes," 2(1^000 because 
of labyrinthitis** and 184,000 because of 
'labyrinthitis unspecified,** with several 
thousands more accounted for by other 
balance disorders, ewgn Meniero's disease. 
The diagnosis of dizziness or 
dysequilibrium accounted for 221,000 of 
the primary discharge diagn(»es hi IMS. 
In the 48>to-64-year-old group, 1.3% of all 
visits to internets aro related to vertigo or 
dizziness, affecting a relatively similar 
percentage of men and women. 

Meniere's disease affects 
lS.3/100,000 individuals per year, 
resulting in about 38,280 new cases per 
year In the UnitMl States; in contrast, an 
incidence of 4^100,000 was found in a 
Scandinavian population, which would 
translate into 118^000 new cases per year 
in the United States. The prevalence 
figures are even more strildng with a rate 
of 218.2/100,000. It is estimated there are 
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545»000 individuals in the United States 
with Blenl^r8*s disease. 

In Japan, BPPV was determined to 
affect 10.7/100,000 individuals, with a 
gnai deal of iater-regional variability. 
The JapaneM stady determine that 
BPPV peaked in inckienee in the filth 
decade tor both men and women, but Uiat 
women were m<M« commonly afil^t^ 
than men. BPPV occurred about two- 
thirds as frequently as Meniera*s disease. 
The incidence of Meniere's dUease In 
Japan is 10.0^100,000, very dose to the 
inddence in the United Stat^ 

In looking at outpadent visits, 2.0% 
of visits to internists by the over-OS-years- 
old group are because <tf dizziness or 
vertigi^ in the ov^75-years^ld group, 
3M of visits were for dizziness or vertigo, 
the number one r^ismt tor gdng to the 
physician, ^ven p«^nt of those in the 
over'O^years-dd group present to the 
doctmr because of dizdnMS or vertigow 
These numbers reflect just the tip of the 
iceberg: an interview of those elderly at 
home show^ 47% <tf the men and 00% of 
the women over the 4^ 70 complained 
of di^iness or vertigo. 

In 1070, an estimated $900 million 
was expended just on visits to physidans 
for dizzin^ or vertigo. Assuming, 
conMTvativdy, a 9% rate of inflation, the 
costs for medirasl care alone will 
approximate one billion dollars in IMl. 
To this figure must be added the cost of 
diagnostic testing, as well as therapy. 
The cost of faUs, which potentially lead to 
fractured limbs, hospitalization, surgery, 



pneumonia and even death, must also be 
factored in. An estimated 15 to 23% of 
thme over the age ot OS yrars who fall fall 
because of dizziness or vertigo. 

The psychd^cal toll of balance 
disorders on their victims is considerable; 
of those over the age of 65 years, at least 
S4% believe that dli^n^ keeps them 
from doing things they otherwise could 
do. This Is not a happy way to ^send one*s 
"golden years.** 

If one cossid«rs military costs, the 
Army, Navy and the Air Force lose an 
average «tf 30 pilots and their aircraft 
every year to pilot disorientation and 
sub^uent error. This loss of materiel 
conservatively represents an ^timated 
cost of |M million per year. In times of 
strife, cMt estimates are Increased three- 
to four-fold. Also, two-thirds of all 
asU*<mauts experience motion sickness 
that can severely r^uce tiieir 
effectiveness for the first tiiree days into 
orbital flight. 

Diagnosis and Treatment 

Evaluation (^vestibular function 
has improved in the last 10 years due to 
the development of tests based on modern 
anatomic and physioiogic concepts and 
the application of technical 
advancements. For example, studies of 
individual neurons are providing data 
upon which models have been developed 
to understand precisely vestibular, visual 
and somatosensory inputs involved in 
gaze stabilization, balance and 
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orientatira. TMhnteal i^vancements in 
computer hardware have enabled 
clinicians to control angular and Unear 
acceleradoa devicM. Bf ethoda ara being 
devel<^»d to measure different reflex 
ftanctions (e^ movements of Uie eyes, 
body or ex^mities) with the aid of 
mieroeompatmrs and pn^rams that 
permit automatic analysis oi data with 
accuracy and ease. 

Trate cannot be limU^ to 
measurements ai <mly one aspect of the 
balance system, however. Normal 
vMtibular and balance fiinction is a 
result of infSormatioa about head 
movement and i^ition firom the inner 
ear, visuo^patial rriationships firom the 
visual system and body rdationshlps to 
the enviroon^t firom the somatosensory 
system. Current methods of evaluating 
patieate with v^tibular dis<Mrders coa^t 
of a battery of tests that quantify the 
vestibulo-ocular reflex (VOR) , the visual- 
ooulomotmr system and postural 
responses. 

Betier techniques to quantify 
vestibular function and its interaction 
with other systems, in add!*i4ot.< to 
techniques that aid in rarly ilagr ^Ja 
such as magnetic resonance Lnaging 
(MRI) and techniques that permit 
evaluation of blood flow and metabolic 
fiinctitm of the brahi, are resulting in 
improved dlaguMis and management of 
patients with vestibular disorders. 
Advancements in our understanding of 
the pathophysicrfogy of vertibular 
disorders have also contributed to better 
medical and surgical management For 



example, mortality following resection of 
vestibular tumors has decreased from 
50%tolesstiianl%. 

Rehabilitation procedures are 
being develi^ied that provide an 
additional appi^»ach to ti^Unent !m 
vestibular disorders. Specific vestibular 
exercise pn^rams fa^tate the rate and 
final level of recovery firom vestibular 
disorders. 



A Current View of 
Vestibular Function 

Understanding the 
Molecular, Cellular and 
Neural Basis of Peripheral 
and Central Vestibular 
Function 

Many of the vestibular reflexes 
serve to stobilize and coordinate 
movemente of the eyes, heiMl and body. 
These pn^^ses are collectively referred 
to as the vestibular reflex systems. 

The vestibular receptor organs 
transduce the forces associated with head 
accelerations and changes in head 
position relative to gravity. The result is 
excitation of the nerves leading to control 
centers in the brain, which use these 
signals to develop a sense of orientetion 
and to activate automatically muscles 
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that subserve movements of Uie eyes, 
locomodon and posture. 

While the basic receptors and 
neural s^ctures are gMietioally 
determined, tiie dei^lopment and fine- 
Uaning of vMtibular fiinetimi is a dynamic 
process tiiat is depmident u|kmi use and 
interaction with the environment 
throughout life. There must be an 
(mft^g proiMss of ealibrating r^exes in 
order to adapt to physical changes in the 
musculoskeletal system during ^wth 
and development as well as to 
compensate for disorder (for example, 
inner>ear disease or visual loss) and to 
adapt to change in Uie environment 
(such as an idtered gravitatitmal fieldf as 
in space)* Thus, the proper responses to 
vestibular informatiim r^uire learning 
and memory. 

Signal Transduction by Vestibular 
End-Organs 

There are five vestibular end- 
organs. Two (^these, tile utricular and 
saccular maculae, transduce linear 
acceleration forces ac^g on the head, 
while the other three, the cristae of the 
semicircular canals, transduce angular 
acceleration forces. The five organs are 
so arranged in the temporal bone that 
they collectively pro^e the brain with a 
three-dimen^onal recons^ction of the 
position and motion of the head relative 
to the Earth. 

Each end-organ consists of a 
sensory epithelium composed of sensory 
hair cells and supporting cells. 



innervated by afferent nerve fibora flrom 
the vestibular nerve. Hair cells contain 
ciliary bundles (hahrs) that protrude tntm 
their apical surfaces and are embMlded in 
gelatinous structures, the otoconial 
membranes of the maculae and the 
cupulaeirfthearistoe. TlMoe stavctures 
couple the forew Mting on the head to the 
cilia r^ulting in Iwnding of the cilia. 
Displacement oX Ae ^licury bundle 
regulates the opening ttf transduction 
channels, thought to be located near the 
ciliary tips. When tiie channels are 
open^, an el^trical transducer current 
flows into the hah> cell and changes the 
volta^ The transducer currMit 
modulates ionic currento flowing through 
the basolateral surface of th<» hair celL 
The basolateral currente alter the 
elMtricalrrapimseofthehaircelL In 
i^dition, one of the basolateral currente 
adjuste the intracellular concentration of 
calcium ions and thereby regulates the 
release of as yet unknown chemical 
neurotransmitters from the hair cell to 
the afferent fibere contoctlng (sy napsing 
with) the hair ceU. The result Is a change 
in the nerve impulse frequency of the 
afferent fibers. Even at rest, hair cells 
(N>ntinue to release neurotransmitters 
and thereby cause nerve fibers to have a 
background or s|M)ntaneous activity. 
Bending the cilia in one diraction causes 
an increase in transmitter release and 
nerve activity; bending in the opposite 
direction resulte in a decrease. In 
addition to their afferent innervation, the 
receptor organs are ^Iso provided with 
efferent nerve fibers arising from the 
brain and contacting hair cells and 
afferent terminals. By means of this 
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effierent imiMrvatioa, th« brain can 
regulate (mgi^g sensory prwes^g by 
the end-oi^anst as well as modulate their 
ftinctifm on a l<Miger time scale. 

The afFerent n«rve fibera transmit 
their impulse activity to the TMtibular 
nucM mill to the o«neb^ura. Th^e 
s^cturM are extenriv^y interconaectml 
with each other and with otiier centero in 
the brain stem a*?d spinal cord that 
module the activity of the muscle of tibe 
eyest head and body. 

Reflex Control ofFosture and Gaze 

Afferent fibers from the 
semi^rcular canals and the otolith 
M^ans synapse with neurons in the 
vestibular nuclei d the brain stem, which 
form the starting p<^t of neural circuits 
that r^ulate movements of the eyes, head 
and body. These movements take the 
form of reflexes that compensate for 
perturbations of head or body portion. 

Postoral reflexes result firom the 
integration of vestibular signals with 
input firom visual and somatosensory 
raptors and other motor-control 
systems and generate patterns of 
activation <tf leg, trunk and neck mu«. ;les 
that stabilise picture and prevent falling. 
Maintenance of piratore defends on the 
generation of different stabilizing 
movements depending upon the context 
in which adjustments must occur. 
Vestibular contribudons to postural 
control are difficult to isolate from other 
postural stabiliidng responses. 



The direction of visual regard is 
regulated by gaze reflexes, which are 
better undei^tood than {Historal reflexes. 
Such regulation is required to maintain 
stability of imagM on the retina, without 
which visual acuity b Mverely reduced. 
One such reflex, the vestibulo-ocular 
reflex (VOR), causM movement equal 
but oppMite to head movement When 
the head is rotated to the right, the 
horizontal semicircniar canal in the right 
ear is activated and tiiat in the left ear 
inhibited. Reflex circuits tran^orm these 
changes in canal afferent activity into 
activation of muscles that move the eyes 
to the left by tiie same angle as the head 
movement so that the eyes remain 
directed to afixed !K»int in ^wce as the 
head moves. In analogous fashion, when 
the head is iUsplac«l linearly upward 
ie^g, during running), saccular otoliths 
are stimulated; and by way of reflex 
pathways projecting to the ocular motor 
nuclei, the eyes are moved downwards to 
compensate for the head displacwment. 

Despite its seeming simplicity, the 
VOR require complex and very accurate 
processing of sendcircular canal, visual 
and otolith signals to generate the 
required ^mpensatory eye movement. 
The angular acceleration signal provided 
by canals must be converted into a 
change In angular position of the eyes. 
B^ause the canals are not exactiy 
aligned with eye muscles, signals from all 
canals must be combined to produce a 
spatial transformation from the three- 
dimensional coordinate firame of the 
canals to that of the eye musdes. These 
problems become even more complex in 
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the vestibulo-collic reflex, which must 
control over neck muscles to slshWie 
the biomeehanicaUy complex head-neck 
system. Remaricably» the b aUe to 
pwtwm tiiese ftinctois with relatively 
simple reflex droiiits. The k^ to in 
having a parallel proe^sing system with 
a mul^lleity of neurons at each stage of 
the circuit, which gives the system great 
proces^g power and flexibility. Such 
systems can be understood by 
computerised mod^Sng techniques that 
can reprint and explore thdr structure 
and computational capabilities. 

The most direct neural circuits 
involved in gaze reflexes are three- 
neuron VMtibulo-ocular and v^dbulo- 
coUic reflex area that interconnect 
vestibular afferent fibere, relay neurons 
in the vestibular nuclei and motor 
neurons that cimtrol eye or neck muscles. 
Each connecdon between a labyrinthine 
receptor and a po<^ of motor neurons 
invoivra mveral classes of relay neurons, 
each of which collects input trom a 
different set of vestibular and visual or 
somatMonsory r^eptors and projects to 
either a few related or many diverse 
motor pools. These classes of relay 
neurons may have distinct biophysical 
and pharmac<ri<^ical ^;roperties which 
allow them to be regulated Independently 
and which may permit discrete 
therapeutic intervendon to restore 
de6dent reflex function once the 
mechanisms are known. In addidon, the 
brain has a repertoire of more complex 
process^ for regulating gaze which 
involve predictive switching, like that 
seen in postural systems. These are 



impleraent«l by mon complex neural 
circuits and are as yet poorly understood. 

Not surprisingly, to remain 
effective for visual stabili2ation, VORs 
must interact wiUi the visual world 
during h^id movemmts. By rec^ving 
visual fiBedback during heiui movements, 
VORs may update th^ resptmse 
properd^ to match what is required to 
maintain visual stability at any particular 
dmeaad under a variety of 
circumstances. That is, the VORs exhibit 
adaptive plasticity. In addition, r^ent 
eviden«» has shown that VOR 
characteristics are affects by the 
veigence state and the direction of gaze in 
space, indicating that the VOR is not an 
isolated, ^mple reflex, but has response 
properties which are determined by 
integration of inputs from a variety of 
nervous system mechanisms and sensors 
other than vestibular ones. 

Sensory Integration in Spatial 
OrientationtFercepUon and Motion 
Sickness 

Spatial orientation is the 
relationship of the head and IxHiy to the 
Earth and to the Earth's gravity. The 
vestibular system and weight sensors 
previde information about how the body 
is oriented relative to the Earth, while 
other senses such as vision define the 
relationship of elements of the 
environment to the body. Balance and 
equilibrium are processes by which 
persons move and maintain head and 
body posture. Maintaining orientation 
and balance requires the integration of 
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information from many sources, 
especially the ears, eyes, skin, muscles 
and joints, and the tran^ormatioa of 
these sigaals into coordinated patterns of 
muscle a^vity. To maintain balance and 
equilibrium undw a variety oi sensory 
and support surface conditions, 
combinadons of sensory signals and 
r oscle activity patterns must be 
interpreted appropriately. 

Many sensory inputs are required 
for the production of a c<Knrdittated 
{Mn^ption of hMd and iNidy movement 
in spa^ The visual system tells the 
ve^bular nucld whether the reflex^ 
produced by activation of vestibular end* 
(HTgans provide the amcmnt cf gaze 
compensation that is require. Visual 
feedback is aritical for proper openUion 
of the VOR. This involves portions of the 
vestibulo-cerel^llum, which play a role in 
ati^usting the VOR when visual feedback 
indicate that It is not correctiy 
stabilizing gaze. IMseaseofthe 
cerebellum can result in faulty VOR 
calibration, poor gaze M>mpensation 
during movement and imbalance and 
disorientotion. Because v«N9tibular 
signals interact with all of the m^or 
sensory systems, a lai^ number of 
disease processes can impair balance and 
orientation. While it is clear that many 
brain structeres are involved in 
determining orientetion and balance, 
their precise roles remain to be 
determined. 

The vestibular system operates 
lately automatically and without 
conscious awareness. When normal 



mordination among the senses is 
disrupted by disease, a disturbing 
symptom, Icnown as vertig<H o^urs. 
Similariy, passive or unusual motion 
conditions (car and sir trm^ sea 
voyage and spacw flight) induce motion 
sickn^s, INTObably due to unusual 
combinations of s^als from various 
sensoro of motimi. MMbanisms 
underlyli^ the symptoms associated with 
vertigo and moti<m sickness are not well 
undei^tood and are mi^or unsolved 
problems as exemplified by the very high 
incidence of moti<m sickness which 
occurs during pilot tiraining and reporte 
that about two- thirds of the astronauts 
suffer from space motion sickness. 

Gaze mechanisms involve not only 
eye movemente but head movemente as 
well. Frequentiy vestibular lesions that 
affect balance and orientetion also affect 
tiie way the head is moved. This effect 
can lead to Inappropriate stabilization of 
the head in an attempt to ttvoid 
unpleasant dizziness or vertigo, as well as 
possible dysfunction of the neck muscles 
and j<^te, which can also cause a sense 
of imbidance. Relatively littie is known 
about the clinical effecte of vestibular 
lesions on neck muscle and joint action or 
the reverse. 

Adaptive Changes in Vestibular 
Fun€tion 

A remarkable featare of the 
vestibular system b ite potential for 
adaptive change (plasticity). This 
adaptive capacity allows the system to 
compensate for changes that occur 
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daring development and aging or as a 
rwult of lesions. Most striking is the 
rebalandng of the system that oMurs 
afler ioss oi one vMtibuiiar n«rve or 
labyrinth. The large postural imbalance 
and un^ntiri^able drift the eyes that 
are imm^iately after a lesion 
disappear neaiiy coiaplet^y over the 
course <^ a few wei^* althmigh these 
s^s can retttm if ihe .system is stevssed. 
To accomptish this recovrary, the adaptive 
system must compensate tw the 1<^ of a 
large amount of ongoing neural activity 
that would normally come into the 
vestibular aucl^ via the lesioned nerve. 
Experimental stodies are beginning to 
reveal mme <^ the neural and 
pharma^f^ic aspMts id the multi- 
factorial process that is involved. 

Another example of adi^dve 
vestibular control is the plasticity of the 
VOR, which is experienced by anyone 
who ia fitted with a new set of 
prescription spectacles. Because the 
lenses magnify or reduce the size of the 
visual scene, imag^ appear unstable 
when the head is moved: the VOR Is sdll 
comp^sadng for image motion that 
woukl be different witiiout the lenses. 
This instability resirfves in a few hours 
because the adaptive system changes the 
"gain** of the VOR and thus ac^usts the 
speed of reflex eye movement 
appropriately for the new lens system. 
Exiwrimentally, lai^e changes in gain 
can be induced by having subjects wear 
magnifying and reducing lenses and even 
the direction of the VOR can be altered by 
appropriate pairing of head and image 
motion. Thus, in addition to Its clinical 



relevant, this VOR plastidity has 
become an important model system for 
understanding the neural ba^ <^ motor 
learning. 

The role of the cerebellum in this 
process is the subu^ of current 
controversy. Cerebellar l^cms abolish 
VOR plasticity, but one group of 
investiga^NTS believe that the cerebellum 
merely generates error signals that 
induce learning in the brain stem while 
another group has provided evident 
that ^rebellar droults themwives can 
undergo plastic chimges which account 
for VOR plasticity. This healthy 
con^versy places the vestibular system 
at the foref^*ont of attempte to understmid 
sensorimotor systems. What is learned 
about the role <^the cerolMsllum in the 
VOR will help scientisto understand ito 
role in regulating other types of 
movements. 

As humans venture into space, they 
will be exposed for increasing periods of 
time to gravito-inertial fields different 
from those of Earth. Exposure to 
microgravity resulte in profound changes 
in the balance system. Extended 
exposure might be expected to have 
consequences on otolith reflexes involved 
with control of eye and head movements, 
posture and locomotion since those 
roflexes have evolv^ and function in the 
gravity of Earth. For example, the linear 
VOR, which depends on accurate 
information fro ^oliths, as well as 
reflexes dependei.» upon canal/otolith 
interactions, would Ijk? affected by 
exposure to space. DiminL^h^l accuracy 
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ni eye ttoveraent coiitnrf during bead 
movement may result. Thus, in space, 
adaptive vestibular changes can lead to 
dttmratlons in l^havior and performance, 
as well as to change in perceptton of 
spatial orientation. Such adaptive 
alterations can in turn produce 
difficulties when the individual returns to 
an Earth gravity environment 

Related Topks 

The topics of development and 
aging, neural modeling and 
neurotransmitters and molecular biology 
relate to the four areas discussed in each 
section of this report, e.gM signal 
transduction by vestibular end-organs; 
reflex control of posture and gaze; 
sensory integration in spatial orientation, 
perception mid moti<m sickness; and 
adaptive change in v^tibular function. 

Development and Aging 

The maior goal of developmental 
studies of the vestibular system is to 
enhance the understanding of the cellular 
and radicular events leading to neuron 
proliferation, migration, differentiation 
and synapse formation. These activities 
are essential for neuron precursors to 
become vestibular neurons. In contrast, 
aging studies focus on p<MtmaturationaI 
changes that may result in diminished 
function and/or cell death. Both types of 
stadia are needed to gain a better 
understanding of how the brain 
processes vestibular ^gnals and adapts 
to change. 



One of the mi^r challMiges 
confronting devt^pmental 
neuroU<4<^ista is to understand how 
(NMsnectivity and syniq^ specificity are 
achieve<L These issues are confounded in 
the vestibular system by the highly 
complex central vestibular network that 
reliw on multisensory inputs for its 
normal activity and is composed of a 
highly interconnects network of 
neurons, with less topologic organization 
than in other sensory systems. However, 
there are advantages to the 
developmental approach which begins by 
looking at neurons and their connections 
when the basic components of their 
organization and function are simpler 
and more readily appareaL Examining 
progressively-older neurons and their 
more comfrfez assemblies slkould r^ult in 
ftirther insights into how the system 
works. Studies of aging vestibular 
systems should enable us to determine 
whether the decline in vestibular function 
is a result of prepn^ramming (i^e^ 
genetic Influeni^) or the Inability of the 
cells to sustain normal functional 
demands. 

Following iqjury, the response of 
the adult vestibular system is 
characterized by a variety of responses 
which are specie- and ageniependent. In 
lower vertebrate hair cells in the inner 
ear and the vestibular nerve neunms 
have the capacity to r^enerate. This 
capacity has not yet Iraen demonstrated 
in mammals. Following the sectioning of 
amphibian azon^ v^tibular ganglion 
cells innervating individual receptor 
organs find their synaptic locus in the 
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vestibular Buelet ThenewcoaiiMtloiis 
are ftiBctitmaliy o^raAve suggesting that 
their reestablishment and 
neuromodalatiNry fuaetioa must be 
^letleaUy fminrinted. The matral 
nervous system can compensate for 
de&lts in viMtibular f^oi^oa, and this 
capacity is ipreatest in primates, including 
man. Vision has been rec<^(nized as an 
imp<HtaBt compMeat in the 
compMisation of VORs <^ primatra and 
other mammals. There is a pau«dty of 
informatkm, however, about tiie c^ular 
and mirfeoular mechanisms of the repair 
process. Such mechanisms are b^g 
recognize in new exiMrtinental work. 

Neural Modeling 

Because of the ability to measure 
precisely ocular motor and, to some 
extent, postural compensation in 
response to vestibular stimulation» 
mathematical modeling oi these systems 
is an imp<Hrtant method for relating their 
reftox behavior to the neural components 
that determine that behavimr. Dynamic 
system models have contributed to 
defining the parameters tiiat characterize 
the vestibular system. For example, the 
characterization of the dominant 
behavior of the VOR and certain postural 
responses in terms of time constants is a 
direct consequence of approximating the 
systems as first^rder linear systems. 
Extensions of these coni»pts have led to 
defining parameters of VOR behavior in 
three dimensions and have given rise to 
model-based studies that relate these 



param^ers to fundamental 
organizati<mal prindi^M that determine 
the behavim' VOR. Computational 
models and techniques that predict 
expaimeatally'ObtaiBed* twhavitMnd 
results and uncover organizational 
principles that govern vestibular-induced 
behavior are needed. 

Problems concerning int^ration of 
infonnatimi firom the vestibular end' 
organs and reflex pathways, as well as 
from other sensory systems, are 
important to stiidy as a component of 
vestibular re^areh ei balaaea and 
posture. boUi in the civilian sector and in 
aerospace Momedical research. 
Computer modeling of neural network 
function is an impcnrtant and 
indispensable tool for understanding how 
ensembles of neurons produce the 
require integration (^information and 
generaticm of motor resinmses. 

Theoretical neurocomputing 
studies also confront this key problem of 
information proc^^g (sensory ftislon) 
that has been solved by the brain In the 
vestibular system. The issue of 
informatimi integration firom different 
sensors is common to biomedical 
research, aen^pace biology and 
neurocomputing r^earch. Cooperation 
among fields will optimize success in 
each. This success can be achieved by 
identifying or creating research facilities 
that can integrate such multidisciplinary 
efforts. 
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Neuroti-ansmittors and 
Molecular Biology 

Transmission of vestibular signals 
from the Mur to tiie brain is iahla^ when 
hair ceils release molecules of 
neurotransmitters wliich react with 
rec^ytors oa the membrane of afferent 
n«rve Sb&rs, Several aalmal models have 
demmisteated antral nervous system 
c<«trol of labyrinthine receptors by 
efferent fibers te^nsmitting via 
acet^eiioline. Hovrever.dMiyitetiie 
identification of ^utamate, histamine and 
other agents as potential afferent 
traniimitters, conclusive evidence that 
any of these compounds serves as a 
primary neuroU^smitter is still lacking. 

It is important to characterize the 
nature of vestibular nenroteransmitt^ 
and modulalmrs and thdr interactions. 
Motor learning and motor mm^l require 
cmtinuoas remodding (adaptive 
plastidty) of neuronal connections and 
neurotransmission In central v^tibular 
pathways. Understanding the molecular 
bioi<^ and pharmacology of th^e 
processes is an important future goaL 

Understanding 
Pathophysiology 

Our knowlttlge €f{ the 
pathophysiology of many human 
vestibular disorders comes from 
experimental observations of the 
anatomy and physiology of the system 
together with careful clinical 
observations and pathologic examination 



ci human temporal braM and the central 
nervmis system. The ^raritms atechanisms 
by whteh abnmrmal conditions may 
disturb tile normal stifuctnre and fttncti<m 
of the vestibular system can be 
eatogothnd as; tiraumatic, inflaramatoiy, 
degenerative, metabolic or neoplastic 
These mechankms may affisct the end- 
<^^an and/or the vratibular nerve and 
brain as indicated below: 

Trauma to the h^l may produce 
fractures or concussions which affect the 
inner ear or bndn. AbncM'mal stimulation 
of the endHngaa may be assodatnl with 
otic capsule fistiilization from bone 
resc»ption, change la tiie densi^ of a 
cupuiia (cupuloUtiiiads) or an excessively 
long stapedectomy prosthesis. 

(labyrinthitis) is caused by broterial or 
viral agente and immune disorders. 

I^generation of the end-organ may 
be produ^d by tirauma, ototoxic 
antiWoties (an^<^ycoi^es) and other 
drugs (loop diuretics, cis-platlnum), 
vascular insufficiency (hemorrhages. 
Infarction), hereditary disorders (Alport's 
syndrome, Waardenburg*s syndrome) or 
surgical destruction (labyrinthectomy). 

Metebolic disorders like diabetes 
mellitus, hypothyroidism, alcoholism or 
Paget's disease affect the vestibular 
system. MetalK^c alteration (disturbed 
labyrintliine fluid composition or 
function) is commonly considerad to be 
the mechanism by which Meniere's 
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diseaso anil swous labyrinthitis affect the 
▼Mtibuiarsy^m. 

Ncopia«liealt«ratioii <^the nenre 
fibers near the end-organ may be caused 
by an intra-labyriathiBe schwannoma. 

At Uie vMtibiUar nwve level, 
trauma may be mmsed by mechanical 
compression resulting from arachnoid 
cysts, arterial loops and bone tumors. 

pathoiogie atteratton imtdiiced by viral 
and bacterial agents (vestibular 
neuronitis). Degenerative changes are 
associated with demy^lnating disorders, 
such BB muHlple and surgical 

transectioii. Neenlaatte alteration is most 
commonly produced by be&i^ tumors 
(vestibular schwannoma) but may cdso be 
associated with metastatic malignancies 
from other organs. 

A variety of neurogenic disorders 
affect balance and different aspects of 
brain ftwctioas related to vestibular 
faction, such as the c«mtrol of gaze and 
posture. TheM include: hereditary and 
developmental disorders (congenital 
nystagmus, migraine, Chlari 
malformaticm); several famiUal ataxia 
syndromM involving diffSerent parts of 
the cerebeUumt degenerative disorders 
(multiple sclerosis, progressive 
supranuclear palsiMH various neoplastic 
lesions; vascular disorders* particularly 
<^tiie brain stem and cerebellum 
(vascular malformation, infiarctions and 
hemorrhages); and autoimmune 
disorders, including paraneoplastic 
syndromes. 



Recent 

Accomplishments 

Understanding the 
Molecular, Cellular and 
Neural Basis of Peripheral 
and Central Vestibular 
Function 

Signal Transduction by Vestibular 
End'Organs 

Recent technical advances in 
membrane Mophysi^ have been applied 
to hair cells with the result that we now 
have a qualitative understanding of the 
events that link the bending of sensory 
hair bundles wiUi the modulation of 
afferent impulse activity. Detailed 
studio in a few end-m^ans have shown 
how the various steps in the temsduction 
process can be modified so tiiat differant 
hair cells and alferrats become 
s^ectiv^y tttUMl to certain aspects of the 
mechanical stimulus. 

Afferent nerve fibers innervating a 
particular end-oi^an differ in their 
response properties. By the anatomic 
labeling of individual, physiologically- 
characterized fibers, it has been possible 
to relate this response diversity to the 
innervation patterns otthe afferents, 
including tiieir location in the aensmy 
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su^essftiUy predict the muscle 
patterns that are used during the 
VOR and vestibuIo^lUc reflex. 



epitiieliuBi and the ^rpes and number of 
hair cells that they contact 

Informatien has been obtained 
about the response of single vestibular 
afferent fibers to electrical activation of 
the effisrent axons originating in the brain 
stem. SteidiM la alert animals have b^un 
to suggest how efiferrat activity can 
modulate affSnrent discharge under 
pl^fri<^(^cal conditloas. In addition to 
classical neurotransmitters such as 
acetyldMriiae, ^fsrent neurons contain a 
variety of neun^iep^M and transmitters 
(metenkephatin and calcitonin gene- 
related peptide) that may influence 
receptor cells and afferent fibers in the 
end>oxgans. 

Refiex Contro/ of^sture and Gaze 

Over Uie past five years 
considerable pn^ress has been made in 
characterizing the sensory-to-motor 
transformations that occur in postural 
and gaze stabilizing reflexes: 

o The pattenis of limb, trunk and 
neck muscle activation by postural 
reflexes have bmn descril^ and 
the ways in which they vary with 
context are being explored. 

o Descriptions of the dynamic and 
threenlLmensional spa^ 
transformadons that occur in 
vestibuloHMSular and vestibulo* 
collie reflexes have been obtained. 
The patterns of muscle activation 
that result have been described and 
models have been advanced that 



o Informatimi has b^n obtained in 
humans and non-human primates 
on VORs and th^ iat^tictions 
with vid<m in ra^K>nse to linear 
a/Bce^snMioa. Eye movement 
cmtrol has been shown to involve 
infractions among otolith, visual 
and vergence mechanisms, and 
f^irUmr under^anding oi such 
control mechanisms should lead to 
the radonale fbr quantitadve tools 
for cUnieal assessment of otolith 
fiinction. 

o While understanding of the 

neuronal substrates oi postural 
reflexes is at a rudimentary stage, 
great pr«^re8s has Iwen made in 
discovering the neural connections 
that mediate the transformations 
that occur in gaze>stabilizing 
reflexes. 

o The structire and function of 

vestibuloH^ular relay neurons that 
form the middle portton of three> 
neuron VOR arcs have been 
described in sufficient detail to 
reveal how con vei^ent labyrinth] ^ 
inputs to these neurons and their 
divergent projections to multiple 
motor pools could conttibute to 
reflex tt^sformations. Neural 
network models that explore these 
possibilities in a formal way are 
beginning to appear. 
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o B^^nings have also bem Bade in 
dMcrlblag tiie mwee complex 
indirect pa^ways tkat eoataibute 
to tira VOR and fat determining how 
both direct and Indireet pathways 
may ber^ulated by the 
eerebellttm. 

o Research has b^un to define the 
bl<^hysics and pharmacoli^ <^ 
nenitms in vratibular reflex 
pathways. 

Sensaty Integration in Spatial 
Orientation, Perception and Afotfon 
Sidcness 

Originally* VMtibular reflex^ were 
coaceiv^ as b^g automatic and not 
subjMttoci^faitiveeoatn^ Howevw, 
reoMit rMearch has shown that we can 
use informatioa firom vestibular 
receptors during movement to determine 
where we started from and how far we 
have moved. We can also use the 
imagined locatfon of near and for targets 
to a4Just the magnitude d eye movements 
that compensate for linear or angular 
head movements. Thus, cc^piitive 
proces^g of vestibular infiormation is 
not only imiNwtant f<^ determining 
spatial orientetion but also for 
establishing proper control of VORs. 

Great strides have l^n made in 
understanding the compensatory 
response produced by the oti^th organs 
during linear head movements by 
considering the eye movements that 
would be nec^sary to view real w 
imagined visual tai^ets. Slower or faster 



9y9 movements are r^nired d^^dlng 
(m wheth^targetoarefarornear. These 
compensatmry eye movemrate even occur 
when targets are imagined in darkness. 

Stodies d this natore have revealed 
that the VOR is not a rimple semidroular 
canal-mediated response. Instead it 
encompass^ a broad range of reflex 
responses originating from each of the 
motion sensors in the labyrinth. Inputs 
from these sensors are directed toward 
the vestibular nudd, where they are 
Integrated with informaticm from the 
visual and somatiMensmry systems mid 
from proprioceptors to form signals that 
direct gaze movements and stabilize 
p<Mture and equilibrium. Cerebellar 
participation is essential for proper 
<^ration d these vestibular reflexes. 

Models of the VOR and of 
v^tibular compensatory eye movemente 
have shown that there are at least two 
components to the reflex. One operates 
rapidly to produ^ quick changes in eye 
IK^ti<m and eye movement in response to 
head movement The other has more 
slu^^h characteristics but outlasto 
impulMS of acceleration and is largely 
raipondble for the characteristics of eye 
movements induced by rotation. This 
component has recenUy been shown to be 
oriented around gravity. BMh 
components are subject to adaptotion, 
and these types of motor learning are 
confroUed by various {N>rtions of the 
vestibulo-cerebellum. Lesions of the 
ceretellum cause ddidte in 
compensatory movements, as well as 
disorientation and dysequilibrium. 
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Th« cunr^l theory of motion 
rickaess hohU that it is a by-product of 
the proe^ of adaptatioa to tinasual 
sea»mryiiiputo<»nolioac<mdition8. It 
has been demonstirat^ that subjects have 
a remarkable ability to adapt to unusual 
motion cooditlims, although the process 
of adaptation b often assodated with 
motUm sickncws. When adaptation is 
finally achieved, tiie vertigo and/or 
motion dcfcness disappears. 

AdapUve Changes In Vestibular 
Function 

As described alMive, the vestibular 
and balance control systems have tiie 
remarkable abiUty to maintain useful 
function in many novel motion 
environments and to adapt to ab."* ./rmal 
hinction of <me or more of their 
components. The ability of these systems 
to adapt systematically sensory, neural 
and motor components in order to 
achieve us^l compensation must be 
more thoroughly underetood. Advance 
in vestibular health care, particularly 
rehablHtatiiMi, should be dei^leped firom 
sound scientific concepts. Therefore, the 
significance of central nervous system 
phenomena associated with the adaptive 
process (such as neural sprouting, 
reactive synapt<^eneds and long*term 
potentiation or depression of synaptic 
transmission), which are thought to play 
important r<ries in s^sptkve &>nttoU must 
be measure and correlate 
systematically with behavior. Some 
accomplishments that have opened 



exciting new areas of inv^tigation 
include: 

o The essential role of adaptive 

plasticity in normal ftinction oi the 
vestibular system has been 
ra^^niz^ This system is unusual 
in that it is not static It is 
constantiy changing in response to 
changM in Uie environment or 
internal elements (for example, 
inner*ear or central nervous system 
diseases). 

o Neural pathways that may play a 
role in adaptive changes have l^n 
identified. As indicated above, 
thmre aro several possible models of 
the neural ba^ of VOR plasticity. 
Informatimi b also beginning to 
emei^e about tiie neund changes 
Uiat a^ompany recovery firom 
unilateral labyriathectomy. 

o The pharmacologic aspects of 

ad^^ve changes and their roles in 
transmitter syntheds as well as the 
release, number and sensitivity id 
rMCptors have l^n describe 

Research Arom both U.S. and Soviet 
space flights has shown alterations in eye 
movement and postural conti^l, as well 
as in perception of spatial orientation, 
lM>th during flight and ^ler return to 
Earth. It appears that the plasticity of 
vestibular reflexes, for the most part, 
allows adaptation during short duration 
missions, but tiie effiects of vestibular 
system performance after long expiMures 
b unknown. The precise characterbtiGS 
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<tf adaptive plastidliy in this unique 
environment and the v^tibuiar ftinction 
invi^ved in reada]^ti<m to Earth's 
gravity after longniuration eqK»sure to 
si»ace remain unlwowtt. Vestibular and 
balance system adaptation to altered 
gravito-inertial eavlnHiments has not 
been measured systematically. 

Re/a tec/ Topics 

Development «Qd Aging 

Rec^t work su^^ts that a 
synchrony may exist l^tween structural 
maturation of the vestibular end-oigans 
and antral vwtibular nucIeL In recent 
developmental studies of the vestibular 
system, clas^cal approaches have been 
supplements with molecular biol<^ical 
probes and innovative techniques. For 
example, amnectivity of tiie vestibulo- 
octtlar and v^tibulo-spinal pathways has 
been studied by the application of 
fluorracentdyM (e.g. Lucifer yellow, 
carbocyanine) in brain sli^ and on 
culturMi brain stem and S|toal cord 
preparati<ms; immunocytochemical 
probm are used to examine the v^tibular 
pathways and the maturation of otolith 
organs; and brain sli4» preparations are 
employed to obtain membrane and 
synaptic properties o Jeveloping 
vestibular sensory neurons. 

From the combination of electron 
microscopic methods and tract U^ing 
techniques, we are b^(inning to 
determine the steps in the assembly of 
synaptic inputs to the vestibular brain 
stem nuclei. Specifically, the first 



ssmapsra formed in the chick's lateral 
vestibular nucleus are not formed by 
primary vestibular fibers but appear to 
be derived firom fibers of central origins. 
It is important to determine the steps in 
the assemUy of various syn^itic inputs to 
VMtibular neurons In order to test what 
role synaptic furmatimi may play in 
orchestratiag develc^mental events. 

The aging vestibular system also 
shows intermting changes in the 
stiructure of sens<nry and non-sensory 
components. Senescence has long been 
associated with increased vestibular 
dy5fiincti<Mi in older subjects who have 
more difficulty with vestibular test 
performance tiian younger sulijects. 
Animal studies indicate that neural 
vestibular cominments in the ear and 
brain tend to accumulate a so-called 
aging pigment or lipofusein. This and 
i^lated substances, accumulated during 
the process of aging, may place a burden 
on tile normal fiinctioning of neurons and 
may diminish their response to (tinctional 
demands. The characteristics of 
structural, functional and behavioral 
modifications c^the aging vratibular 
system need to be studied. We need to 
determine if diminished efficiency with 
age is due to iireversible prepn^prammed 
cessaticm of function or to reversible 
cellular modifications. 

Neural Modeling 

In the past decade, there has been 
increasing interest in mathematical 
modeling of vestibular systems at the 
level of the end-organ, neural pathways 
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and i^ex bdliavior. Modeteare 
imiwrtaBt because they formalize 
concepts, organic data and pr«lict 
r^^Mm^k Sf od^ing r^ex l»eliavior by 
applying control system analysis, as 
derek^ied ud used in electrical 
enghie«rii^ has hem aagmmted by 
developing mathematical d^riptions of 
the ftinctioning of parall^ neural 
netw(Mi». Iliis GMMpteial advance is 
impiNrtant because it shows that it is 
pi^sihle to reprodara neural Iwhavior by 
layers of interactive adapting elements. 
The vMtibnlar system is a natural entry 
point for the use of such models linking 
biological and theoretical neural network 
approaches. 

It is not sufficient merely to up 
neural networks witii a multitode of 
parameters and ad^t them to fit 
arbitrary data. Studies ne^ to be 
conducted to derive learning algorithms 
Arom fiundameatal principles that are 
cimsistent with ma^matically' 
formalized, behavioral constraints. Using 
realistic models of eeUular dynamics as 
derived firom pharraacodsmamics could 
also be beipfiil in uncov^ing the 
principles that govern Irahavioral 
leaniing in the vestibular system such as 
adaptation and habituation. 

Neurotransmitters and 
Molecular Biology 

Considerable progress has been 
made in identifying the 
neurotransmitters involved in the 
vestibular system. The field of potential 
primary hair cell neurotransmitters has 



been narrowed to |^utamate*related 
excitatory amino adds. The tiransmitters 
lil^^ted from the ^htii nerve Sbers 
onto brain stem neur<ms have not yet 
been specified, but the inhibitory 
transmitters of the vestibular 
commissural systems include gamma- 
imino-butyric add and glycine. Since 
data firom recent stiidiM on other systems 
indicate that several neurotransmitters 
may M>exist in the same synepw, this 
possibility should be investigated in the 
vestibular system. 

Advances in Diagnosis 

Thoughtfiil history taking based on 
a knowledge of the anatomy, physiology 
and pathology of the vestibular system 
provide the core of diagnostic 
information necessary for clinical 
practice. This information is enhanced 
by teste which describe the int^rity of 
v^tibular reflexes. 

Testing - Physical 

Advances in modem technology 
have made the evaluation of vestibular 
patiente a quantitetive sden^ ^cause 
the VOR is the t>est understood vestibular 
reflex, scientiste have taken advantage of 
the reliability of eye movement 
measurement to develop a battery of 
vestibular function teste to stiidy the 
integrity of the various VORs. 

The function of the cristae of the 
horizontal semicircular canals, sensors 
for angular acceleration, can be 
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raeasurei with the caloric test by 
irrigatiiig, under precisely coadrolled 
e<mditi^ms, Uie ^teni^ mof caaal with 
W8t«ratdi£foi^tteiii|iaratiir^ The 
resulting eye movements can he 
accurately and efflciently measured with 
the aid of small laboratory computers. 

Other methods of eraluating 
semidrcular canal Sanction include the 
use of rotary platforms and 
measurements of VOR responses to 
obtain precise information about the 
relationship between stimuli and reflex 
eye movements. 

The function of the linear 
acc^ration sens<»rs of the ear (the 
otolithic organs) has been measure by 
observing ocular reflex responses to 
stimulation with various devices 
including the {^rallel swing. Also, the 
evaluation of balance has improved 
greatly with the use of platforms which 
measure movement of the patient's center 
of mass with sensitive force transdu<:ers 
whose senate are analyzed by computer. 

The contribution of the visual 
system to orientation is evaluated by 
measurement of visual oculomotor 
reflexes, including the use of tests for 
smooth pursuit function and optokinetic 
nystagmus. These tests evaluate the 
ability of patients to follow small visual 
images (the smooth pursuit system) or the 
movement of large visual scenery 
(optokinetic function). The most 
revealing information is obtained by 
combining visual with vestibular 
stimulation as described above. Given 



the extent of neural pathways subserving 
vestibulo-ocular and visuo-oculo motor 
r^enSf information from these tests 
provide methods to evaluate large areas 
of thebrsdn. The combination of such 
tests in the modem vestibular test battery 
has allowed the identification of the 
location within inner ear or specific brain 
regions of vestibular l^ons, a 
quantitative estimate of the magnitude of 
the deficit and the ability to fbUow the 
course of the disease. Usefiil features of 
these tests are their non-invasive nature, 
their ease of administration and minimal 
discomfort for the patient. 

In addition to these standard tests, 
new tests are being developed in animal 
studies and being investigated in humans. 
Several of the new human vestibular tests 
are designed to evaluate anterior and 
posterior semicircular canal fraction (in 
addition to horizontal canal function) by 
rotating subjects about different axes to 
optimize stimulation of the specific 
canals. A problem associated with 
attempts to activate vertical canals is the 
simultaneous stimulation of the otolithic 
organs and the complexity of measuring 
the resulting eye movement New 
methods, such as video-based monitors, 
are being developed to deal with the 
latter problem. 

Of all the available vestibular tests, 
only the caloric test allows specific 
location!^ a le^oB in one c^tiie ears. All 
other tests using physiologic stimuli 
represent the response of a multiplicity of 
nerve centers. In recent years, however, 
animal experiments have provided 
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inforraatioii that suggMts the |KMslbiIity 
of evalnatfng l^ms spMifi^Uly loeated 
in the VBstibular nerve. Vestihular- 
evoked potentinls have been obtained 
from the iterves <tf the Mmidreiilar and 
otdttth orguifl in wreral animal spedes. 
Responses from direct eleeMcal 
stinialatioa of tiie vestlbvlar serve also 
have l^m obtained in animal and human 
experiments. 

A Bi^}or defideacy is the laek of 
trats for otoiUhic and pivprloeeptive 
reflezM. Tests are befaigdev^<q^ to 
evaluate th^e systems und^ operational 
cmiditions In firmly-moving animals and 
human subjects. Th«re Is interest In the 
evaluation <tfheai and ejw Interactions in 
humans with normal aiMl abnormal 
vestibular ftinction. Also lacking are 
te^ fmr the quantitative evalu^on of the 
subjective sensation oi motion and <^ 
dizziness In patients. 

Also, there are no tests that ^low 
the physldan to assess the possible role of 
neck muscle or b<me lemons In the 
producti<m <^ dizziness, vertigo or 
postiiral imbalance. 

Testing - LabaratotylKadialogy 

Tests for antibodl^ to inner-ear 
antigens have re^ntiy been developed 
and appear to help In the diagnosis of 
inner ear autt^raune disease. 

Fine resolution imaging has 
improved with the devd<^ment <tf better 
software and technology for both 
computed tomography (CT) and 



magnetic resonance (MR) scanning. 
Improved use (^contetut and speed of 
image acqulsltiMi have m^e It possible 
to detect smallw iMkms and permit 
dynamic CT/MR scanning to evaluate 
blood flow In snudl r^<ms of tiM central 
nerviNis system. Thedevdopmentof 
techniques fbr imaging tiie individual 
rmseptors In tiie labyriaUi would Improve 
dIagnMis and understanding of the 
disease process. 

Advances in Treatment 

Medical Therapy 

Advances in basic research have 
identified probable transmitters and 
recept(»r sites in tilie vestibular periphery 
and centetd connections. These findings 
have n<^imly led to clinical taials of 
towismitter agonists and anti^nlsts but 
have also results in the reaUzatitm that 
most pharmacologic agents with 
potratial central nervous system activity 
may Interfere with normal vestibular 
function. For example, loag-acting 
sloping pills and tiranqulUzers are now 
rw^gnized as a m^jor cause of injuries 
from falling in nursing home patients. 

Clinical trials of antihistamines, 
anticholinergics and phenothiazines with 
improved experimental design have been 
conducted, and these agents appear to be 
helpfiil in relieving the symptoms of 
vertigo. Unfortunately, these agents have 
side effects such as drowsiness and dry 
mouth and ey^ 
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The reduction (^symptoms, 
pr^umably r^at«l to iarareaMd 
endolyiBpii dvdA, with systemic diiiretii» 
appears to be he^E»fittl, at iMst in tiie early 
stages of Meniere's disease. 

Further studio using ssrsteraic, 
transtympank or intralabsnrinthine 
aminoglyco^es show good results in 
redodng vertiginous attadcs in patients 
with Meniere's disease but have the 
potottial flide effeets at loss ot hearing or 
wveiw Ims <^ vestilralar faction and 
osciU<^>^ (a condition in which objects 
appear to move up and down or (rom side 
to side). 

The rec<^iti<« of the relattonship 
tratwe^ associated disorders such as 
depression, anxiety attadcs and panic 
attacks and vestibular disorders suggests 
the need to investigate tiiese disorders as 
welt Rroent advances in the 
pltarmacologic control of these disorders 
is encouraging. 

Surgkal Therapy 

Surgical treatment s^t^es in 
peripheral vestU>uIar disordera mi^ be 
groups into ablative and non-ablative 
protocols. Ablation procedures relieve 
the balance symptoms by denervating the 
altered labyrinth without correcting the 
lesion. These procedure are 90 to W 
percent effective in relieving episodic 
dizdness provided that the ablation is 
complete. Ifhearing is not useful in the 
unilBteraUy*diseased ear, 
labyrinthectomy (transcanal or 
transmastoid approach), is a short. 



reiatively'safe t^hnique. If there is 
useful hearing in an uailaterally-affMt^ 
ear, selective vestibular neurotomy, via 
a middle amial fossa (MF) or posterior 
oranial fossa (PF) approach, is now the 
a^wpted proi^ttre. The MF iH>proach is 
tedmicaUy more difficult and is 
assoo^ted with a h^hMT inddence (25 
percent) <^ tem]N>rary facial nerve 
wealcness than tiie PF approach. 
Howei^, it has a higher succ^ rate (95 
to 9S perc^t) fw v«rti^ con^I than the 
PF metitod (80 to 80 percrat) because of 
the natural separatinn of the vestibular 
and auditory nerves in the internal 
auditory canaL The separation of these 
two groups of fibers in the pMteriw fossa 
sectiim of the eighth nerve is arbitrarily 
created by the surgeon. 

Seiwtiye transecrtion of the 
p<»terior ampullar^ .singular) nerve has 
been sui^ssfiil in mot^ than 00 percent 
of padents with chronic disabling 
|N»itional vertigo (cupuloliydasis). 
Assod'^t^ sensorineural hearing loss 
has occurred in fewer than five percent of 
the cases. 

Non-ablative procedures correct 
tbp nntholo^c derangement responsible 
for altered vestibular fiinction. Several 
examples of these are: remove of chronic 
inflammatory tissue (cholesteatoma) firom 
a ixmy semicircular canal fistula, 
removal of an excessively l<mg 
stapedectomy prosthesis, removal of 
chronic inflammatory tissue fh>m the 
oval and round windows and repair of a 
perilymphatic fistula in Uie oval or round 
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windows eaus^ by direct or indirect 
trauma. 

The efficacy oi vessel loop 
relocation from the intancranial portion 
of the ^hth nerve has hew variable and 
remains undetermined at this time. 

Rehabilitation 

The use of exerdses to improve 
gaxe and postural stability in patients 
with vestibular dis«rd«ra has become 
increasingly popular in the past five 
years. The exercises are based In part on 
anecdotal evidence of improved fkinetion 
in patients fcdlowing exercise 
intervention. The exercises are also 
based on the rwulte of animal r^earch 
demons^ting tiiat visuo-motor 
ezperienM cui increase the rate of 
recovery fi^owiag unilateral vestibular 
loss and that prevmitiag visual inputs or 
movemrat can dday the onset of 
recovery. Research on hunum subjects is 
in pr<^pE'MS, but the results are not yet 
known. 

Outcome measure of fa^teient 
efficacy include many <rftiie standard 
methods tw quantitying balance but are 
often dependent <msubJwtiverep<Mrt8. A 
quMtionnaire that measures the patient's 
percepticm of the extent to which the 
vestibular or balanm disorder is 
handicapping has been developed and 
validated. 



Program Goals 



There is a arad to expand the 
knowledge of normal and abnormal 
structure and (kincti<m <^ the vestibular 
system using rweatiy developed 
t^hxdqum in a broad spectrum of 
scientific disciplines. Scientists must be 
trains and r^arch supp<Hrt provided to 
establish a knowledge base 
commensurate witii othw fields of 
medicine. In order to achieve this goal 
there must be increased study of both 
human path<rfogic material and animal 
studies. 

Understanding the 
Molecular, Cellular and 
Neural Basis of Pheripheral 
and Central Vestibular 
Function 

Sensorimotor systems such as the 
vestibular system depend upon the 
int^rati<»i (^information from many 
sensory sources which must be 
transformed to control many different 
muscle groups, thus posing a unique 
experimental challenge. Vestibular 
functi<ms, especially those involved in 
stabilizing gaze, are sufficiently simple 
and stereotyped in their action to raise 
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the hope that vestibular r^earch will 
yieid tiie first breakthroagh la 
undergtanding a «>mplet0 sensiMimotor 
system and mi^or advances in 
undwrstamting clinical proMema. To 
achieve this goal a broad array of modern 
mcriectUar, phwrmacol<^ieal, Mophysical, 
anatomical, phy^logical, 
psychophysical and kinesioiogical 
techniques need to be mobilized to study 
the system at the subcellular* biophysical, 
neural circuit, perceptual and behavioral 
levels. Data obtained from these studies 
must be integrated into detailed 
computational models that will permit the 
knowledge of the system to be tested and 
used to predict outcomes of new basic 
and clinical experiments. 

Signal Transduction by Vestibular 
End-Ory ins 

At the level of the vestibular end- 
organs, the overall goal is to understand 
the response of v^tibular nerve fibers in 
terms of cellular mechanisms, which in 
turn must be related to cupular and 
otolithic membrane dynamics. This 
understanding will require detailed 
studies of the sensory epithelium, 
including hair cells and their afferent and 
efferent innervation. Since afferent nerve 
fibers which innervate different parts of 
an end-organ vary in their properties, it 
will be important to study mechanisms on 
a regional basis. The following goals 
have been idendfied: 

o Use advanced imaging techniques 
to study the mechanics of the 
cupulae and otolithic membranes 



and the hair bundle attachments to 
them. Relate the mechanical 
properties to the physical and 
molecular properties of these 
structures. 

a Relate the biophysical properties of 
the tiransduction channel io the 
ultrastiructure of the hair bundle 
and to biochemical events taking 
place in the cilia. Develop the 
biochemical techniques needed to 
isolate and characterize the 
molecular components of the 
transduction chann^ and the 
associated regulatory proteins. 

o Characterize the biophysics and 
cellular biology of hair cells and 
afferent terminals, relating them to 
their location in the sensory 
epithelium and to the structure of 
the hidr cells (Type I or Type II). 

o Study the pharmacology and 
biochemistry of afferent and 
efferent neurotransmitters. Use 
recentiy developed techniques of 
chemical neuroanatomy to 
determine if there are several 
populations of afferent or efferent 
neurons which are distinguishable 
on the basis of their transmitter 
biochemisiry. 

o Define the role of efferent neurons, 
including an analysis of the effects 
of efferent activation on receptors 
and afferent synapses. Afferent- 
efferent interactions need to be 
understood in terms of electrical. 
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ehemical, metabolic and 
neuromodnlatory meduaisms. Use 
alttrt animals to determine tiie 
behavioral eonditions that lead to 
changes in efferent activity, to 
cl?ara«teriM tiie pn^e <tf the 
resulting changes and to 
invratl^te Uidr influonce on the 
end-organ. 

o Develop experimental models for 
peripheral vMtibular dysfiinction, 
taking advantage of species 
differences and genetic variations. 

o Characterize the mechanisms 
regulating fluid, elec^Iytes and 
metabolites of the Inner ear. 

Reflex Control of Posture and Gaze 

There is a need for further 
understanding of the reflexes associated 
with posture and gaze at the neural 
circuit level, including the basic reflex 
conn^tions and the more complex 
pathways that supplement and modulate 
th^ actions. The overall goal is to mount 
a comprehensive, interdisciplinary 
initiative to understand the function of 
these critical reflexes. Some specific 
goals are: 

o Undertake a comprehensive 

analysis of the neuron populations 
that participate in gaze-stabilizing 
reflexes in order to correlate their 
biophysical and pharmacological 
properties with their structure and 
function. 



o Identify with anatomic and 

physiologic techniques the neural 
substrates of vestibular reflexes 
acting on neck, axial and limb 
musculature. 

o Develop computational models that 
will foster understanding of how 
populations of neurons can 
implement postural and gaze 
reflexes. 

o Determine at the behavioral level, 
which strategies the central 
nervous system uses to eontrol 
movement and posture. Define the 
relative roles played by sensory 
inputs from semicircular canals, 
otf^ithic organs, neck muscle 
proprioceptors and the eyes in 
determining the dynamic and 
f patial characteristics of 
movement. 

o Determine the discrete or 

continuous nature of sensory-to- 
motor transformations in postural 
reflexes of animal and human 
subjects. Undertake experiments to 
record neural activity related to 
these reflexes in animals. 

o Define the mechanisms underlying 
otolithic organ control of eye 
movements and how they are 
Integrated with visual mechanisms, 
particularly during linear 
accelerations that occur during 
normal behaviors, such as 
locomotion and postural sway. 
Determine how otolithic organ and 
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semidreular caaal control of oyo 
movoments intoraet during the 
complex motions tiiat inelude 
components of linear and angular 
motion. 

o Develop tools tw the quandtadve 
assessmeat of otolithic organs* 
function in normal persons and in 
those with eUnieal indieatioas of 
vestibular malfiinction. 

Sensory Intemtion In Spatial 
Mentatian^'Fereeption and Motion 
Skkness 

Natural Motion Versus 
Passive Motion 

The nie of the VOR is to stabilize 
gaze so that images can h^d (m the 
retina and s^i. To date, most studies of 
the VOR have been p«rforraed by 
rotadng sufcjjects with Uieir heads and 
bodies fixed. However, tiie vestibular 
system works In fk'eely-moving 
individuals who are changing both head 
and eye positions. Although It is 
technic^y difficult it is eMential that we 
address the problem (rfgm» staMlization 
in fireely-moving subjects to gain a f^ll 
appredatimi Ae range and capi^ility 
of the vratibular system. Only when we 
study the vestibular system in its natural 
state will we bc^in to understand the 
nature of the deficits that <^ur alter 
unilateral and bilateral peripheral 
vestibular disease and central vestibular 
or cerebellar dis^ue or in aging. Thrae 
studio should be conducted in animal 
and human subjects who are engaged in 



fttll-lMidy movement while Uieir eye and 
head raovemoits and siii^e*uiiit activity 
from the brain stem are monitored. 
Reactl<ms produced by contnrfted- 
passive head and body movement should 
be compared with reactions in freely- 
moving subjwts. 

Processing and Modeling of 
the VestibulO"Spinal System 

A particulariy important asi^ct of 
otolithic-vestibular, nuclear and 
vestibulo<«erel»llar processing is that 
information about upright stance and 
balance is created from otolithic organs 
and other signals tiiat provide a sense of 
the upright and from the feedback 
inf<»rmation from j<^t and muscle 
proprioceptors. It is critical to have a 
better understanding of the various parts 
<^thevMtibuIo-splaaI system. At least 
part of the problem is that there has been 
Uttie attempt to model the v^tibulo- 
spinal system other Uian to predict 
muscles tiiat would be activated by 
individual sendcircular canals during 
natural head movements. We need 
dynamic models that match the 
characteristics of the output signals to the 
characteristics of the body part upon 
which the vestibular signals operate. 

Neural Basis for Spatial 
Orientation 

Orientation in space is a complex 
function that involves the vi^tibular 
system as well as cerabral sfructures and 
cognition. The neural basis for spatial 
orientation b poorly understood, and 
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promising ImuIs <^)tain«d from blood flow 
studiM, ain^O'tiiiit studiM and tlie rraulto 
^s^^^e todons slHrald be inirra^ to 
enlarge oar cmic^taal models of tbis 
important area. 

Motloii Sickness 

Central nervims system cbanges in 
cellular and bormonal Mlivity assodated 
witb motion sickness most be 
cbar^tMlzed in appropriate animal 
models and bomaas. 

Adaptive Changes In Ves^bular 
Function 

If we are to bamesa tbe capabilities 
of tbe adaptive system to ^|»timi2e 
vestibular f^ctSon at all ages and to 
restore function after peripheral or 
c^^ral iwiiNis, we must more ftilly 
uadorstand its o^ralifm at the 
bebavioral and neural levels. 

At tbe bebavioral level we ae^ to: 

o Develop an understanding <tf tbe 
physical stimuli ibat govern 
adaptive behavior. For instance* 
evaluate Uie relative roles of inputs 
from central versus peripheral 
retinal rec^tors, inputs from 
various vratibular end-organs and 
inputs created by active versus 
passive motion. 

o Understand what aspects of such 
vestibular performance as reflex 
size or timing, perception of space 
or motion and regul^«m (Astatic 



and dynamic iN>sture can be altered 
by tbe adaptive system. 

o Investigate tbe aHlity of tbe 
vestibular system to ^apt to 
special envircmmmitSt sucb as 
under water, b^ performance 
aircraft and tbe rarious conditions 
of space flight 

At tbe neural level* we must define 
tbe anatomical, pbyaioloi^cal and 
biocliemioal changes in s|M^fle nmural 
drcuits that uad^le adaptive behavior 
and develop models for systematic 
invMtigation <^bow such neural changes 
can contribute to comi^satlon for 
frtnctional deficits in the vestibular 
system. TbrM sequential goals for 
achieving tiiis ares 

o Determine at which site(s) tbe 
neural changes responsible for 
adaptation occur using anatomic, 
idst<rf<^c and physkdogic 
techniques. 

o Analyze the biophysical, 

pbarraac(riogic»] and molecular 
bases <tf tii^ cbanges and evaluate 
the possibility of manipulating 
them therapeutically. 

o Develop neural network models 
which determine wbeUier tbe 
observed neural cbanges are 
sufficient to ezplain adaptive 
restibular performance and to 
predict the efliMts of various 
therapeutic interventions on 
adaptive performan^ 
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hi additi<», furihmc r««eareh is 
n«^»ary to understand the cellular 
smirce of tlie slow and rapid eonii»on«nts 
€itib» VOR, how difiBrarent areas dthe 
vesHbttlo-cwebellttm are interrela^ and 
the eellular mechanisms <^ their action. 
An undMvttmdiag of ^e moUnr learning 
thatisiaiwWMl in control <tf holh the 
rai^ aiMl slow eom|Kments of the VOR is 
likely to involve an understanding of how 
the mossy fiber input and ^mbing ^>er 
systems origlnBling In the inferior olive 
interact with PnrkL^ eells. Only when 
these interactive loi^ are ondersUMid 
will we be able to model and predict the 
adaptive rapiU»ility of individuals to alter 
tiieir r^pimses to ehimging visual and 
vestibular inputs, including altered 
gravitational mivlronments and after 
unilateral and Mlateral cUmusc of the 
iabjrrinth. 

Model validation must proceed at 
aU tevels (neural* sensory, motor, 
perceptaal and behavioral). Modeling is 
an exceUeat way to organize our thinking 
about Uie dynamics of the interactions we 
seek to understand. New and potentially 
more {wwerfkil approaches to 
mathematical modeling are to be 
encouragMl al<mg with continued 
reexamination <tf i»isting models in the 
light <^ new experimental data* 

Related Topks 

Development and Aging 

A central issue in developmental 
neurobiology is the interdependence of 



axons and the neanms they inn«n^to 
and how this rd^<mship Is influenced by 
g rvwth, oqierience, injury and aging. To 
undMVtand asMmbly of tiie vMtibular 
system, systematic stodies are required to 
define the s^uoice of innervation and 
synapse formation on central vestibular 
neurons. Specific issues are: 

o Study the onset of ^gnal prm^^slng 
in the ^wstibular system during 
devei<^ment and tibe 
correspondence between 
peripheral and central structural 
changes leading to the onset of 
vestibular ftinction. 

o Determine the role of 

neurotransmitter and neural 
activity in vestibular neuron 
development (at the level of 
identified cells). 

o Stiidy the emerging membrane 
properti^ of identifi^ vestibular 
neurons. 

o Study the responses of developing 
vestibular neurons to i^stibular 
and non'V«stibular stimulations. 
Studio should be perforaied on 
both normal devel<^»ing neurons 
and those In partiaUy-deafferent^ 
brains. 

o Compare the moiphogenetic and 
electr«4>hysical relations between 
vestibular axons and Type I and 
Type 11 hair cells in the end-organ 
and examine how peripheral 
structure changes during 
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synapti^eaesis in the developing 
labyrinth. 

Compare cmitral nervous system 
and imlpheral nervous s^tera 
synaptic intera^<ms to determine 
what factors influence development 
at difllMvnt ages» fbeuskig on 
critical periods of development 

Determine the onset and 
pn^TMdtti of sensfNry int^ration 
(^inputs from q»edfic vMtibular 
end-organs to vestibular neurons in 
the brain stem. This time course 
should be related to the functional 
changes in vestibulo-ocular and 
vestibulo-spinal reflexes as a 
ftincttonofage. 

Determine the behavioral changes 
associated with the aging process 
and d^ign strategies for preventive 
and rehabilitative intervention. 

Determine the anatomical and 
biochemical changM associated 
with aging at various parts of the 
reflex. This study should include 
the quantiflcation of ^lular 
changes in the receptor organs 
(seasmy and supporting 
structiires), primary afferents, 
vestibular nucleus neurons and 
motor efferent elements. 

Study the diffierential role of aging 
in the various cellular elements of 
the vestibular reflex to And familial 
and idiopathic causes of premature 



a^g in the inner ears and central 
vestibular centers. 

o Use animal models, including 

mutational variations, to elucklate 
the causes and course of the aging 
procMs. 

Neural Modeling 

Impressive stiides have been made 
in understanding lureas <^the vratibular 
system wh«re it has b^n possible to 
model the neural input and ou^ut, 
thereby formaHring tiie ^c^nsfer 
ftiactions ^at are irarfinrm^ by the 
central nervous system. There is a 
continuing need to model the VOR and 
perceptiial*motor i«^>on^ to various 
combinati<ms of semicircular canal and 
otolithic organ stimulation. In Miditi<m to 
animal models and human patholc^c 
material, con^ntrated efforts must 1m 
made to develop mathematical and 
computer models to complement and 
supplement ongoing experiments. 

Wherever possible, strat^t's that 
the central nervous system uses to control 
movement and pmture should be deflned 
using mathematical and computational 
paradigms and models at the behavioral 
level, as well as at the level of neunmai 
networks and single neurons. Spedflc 
goals are Uk 

o Develop mathematical and 

computer m<^els for systematic 
integration of the knowledge base 
on vestibular function and 
adaptation into a formal 
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imderstaadiag <^tlie f^ctimi of 
vestibular neural networics. 

o Develop ^operative studies to 
iavesti^to vestibular and balance 
problems in special environments, 
sneh as aadorwater, aviation and 
amniiiaee. Inonrporata 
mathematical-computer modeling 
of vestibular systems with the goal 
of integrating experimental 
knowledge into a theoretical 
understanding t^the brain as a 
neur«^mpttter. 

0 Seek experimental iwrification of 
models under tople as well as 
complex conditions of motion. 

Neurotran§mlttsrs and 
Mokcutar Bhiogy 

The molecular pr<^rties oi 
aeunMransmitters otthB vMtibular 
system sh<mld be investigated. 
MoltidiseipUaaiy approach^ should 1m 
comUned In the same animals, whenever 
posdMe, In order to d^laeate cauM and 
efifeet relationships. Use should be made 
€i animal and human material to study 
the presence ot neurotransmitters in 
adult sub^^cts as well as during 
develiH>ment Modem techniques for 
Beurotransmitt^r identification (e.g.« in* 
situ hylwidiz^Uin) and immunochemis^ 
should be combined to elucidate the 
synaptic processes and their 
development Specific questions 
requiring investigation are: 



o Characterize molecule release in 
response to electrical and chemical 
stimulaticMi with pharma^«^ic 
and m<riecular technique 

o Examine molecular changes that 
accompany documented and 
meaMirable defidts invifaro and In 
animal models to determine Uieir 
relationship to the deficits, causal 
or not, and tii^ mechanism of 
action. 

o Ih^ument coexistence of multiple 
molecules with neurotiransmitter 
and neuromodulator properties in 
individual neunms . Their 
interacticms should be inv»9ti^ted. 

o Perfiwm exfMriments using agonist 
and ant^{<mist sttbstanc«« to 
presumptive neuroti^sroitten 
using ^vt^ and Vi^vivp 
preparatiims. 

o Develop monoclonal and polyclonal 
antilHidies to newly>idmiti^i 
neurotransmitters to determine 
tiieir ^llular localization by means 
of immunocytochemistey. 

o Study changes in gene expression 
in vestibular neurons during 
development, aging and plastic, 
adaptive alteration of vestibular 
ftinction. 
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Understanding 
Pathophysiology 

o Aequire human tissue saoh as 

temporal bone and central nervous 
system structures firom normal 
subjects and patients with 
documented vwtibular ^rmptoms 
and study the tissues by means of 
light mioroscopy, transmissioii 
electron mterosct^t scanning 
electeon microsmpy and 
cytochemieal methods. 

o Develop and study animal models 
to provide insight into diseases that 
currmtiy are incompletely 
explained* such as vessel loop 
compr^sion of the vestibular nerve 
and metabolic eff^ts of endocrine 
disorders. 

o Study the effects of compromi^g 
the blood supply to vestibular sense 
organs. This study should be 
preceded by a d^cription of the 
vascular supply and flow to the 
vestibular labyrinth. 

o Study the effects of specific 

vestibular lesiims in animal models* 

o Encoura^ young histopathol<^t8 
and provide training in peripheral 
and cental vestibular system 
pathology. 

Needs in Diagnosis 



The ovwali objective <tf vestibular 
testing is to utilize an effidmil battery of 
tests to determine the site and severity of 
alefdon. This Imttery should be a quick, 
efBdeat set of te^ that minimise the time 
and cmt to the patirait and <^timize the 
diagnttrtic value to the phy^cian. 
Resrareh goals in thb area include the 
need to: 

o Itev^p standards, by age group, 
fdur tiie more commonly used 
dii^ostic techniques indudlng 
caloric, rotational and 
pc<ston^r^hictMts. No 
acceptable or standardized 
taethods have l^n e^abttshed for 
iheae trats and variations in the 
methods used in different centers 
make it difficult to compara results. 

o Vae animal models and human 
subjMts to develop new tests to 
evaluate all the recognized receptor 
organs In the vestibular apparatos. 
In particular, there is a need for 
fiimple and reliable teste of otolithic 
oi^an functions. There Is a ^Unilar 
ne^ for trats of vertical 
wmidrcular canal function. 

o Develop psychophysical methods 
for evaluation of vestibular 
function in health and disease. 

o Develop tests for alteration in neck 
and vestibular fanetion and neck 
and vestibular interactions. 

o Use animal models to study the 
pathophysiology of disease 
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processes, eukih as Meniere's 
disease, ve^bniar neuronitis, 
positional vertigo, benign 
paroxysmal podtional vertigo, 
unilateral and bilateral 
hypirfUttctimi and ototoxicity. 

o Conduct serial studio <tf ebanges in 
vestibular test results in patients 
with well*defined pathologic 
processes including evaluation of 
the process of compensation and 
resulting changes In reflexes. 

o InvMtigate the effect of 

pharma^ogic th^vpy on the rate 
of rwovery produced by 
compensatory processes. 

o Develop diagnostic procedures to 
evaluate vestibular developmental 
processes by the study of patients 
with deveI<Himental disorders and 
animal models of genetic disorders 
with abnormal reenter faction, 
eg., use of animal mutants without 
otoliths. 

o Investigate tiie pharmacologic, 
molecular and genetic basis of 
inner-ear disorder. 

o Develop biochemical and 

hlstolc^cal methods to detect 
immunol<^c, autoimmune and 
neoplastic abnormalities in the 
inner ear and eighth nerve. 

o Compare results of observations 
made in patients with central 
vestibular disorders to th<»e made 



in patients with disorders of visual 
and nnrtor fiinctlmi such as 
congmltal nystagmus, otiier 
abnormalltlea of ocular stability 
and ataxic syndromes secondary to 
cerebellar degeneration using 
brain stem evened resp<mse, visual 
evoked re^ionse and neiural 
cmiduction i^odty tests . 

o Use postmortem material to 

confirm iNresumed f!li^osis on 
loni^tudlnally-weU'Stttdled 
patioits; evaluate test results for 
the identificatitm id a known cause 
of disease; study patients with 
unknown Muses; and Investigate 
immunologki and molecular 
changes In the inner ear and i^ntral 
nervous system <^ patients with 
vestibular disorv'ers. 

Needs in Treatment 

Medkal Therapy 

The goals of current medical 
therapy are to relieve symptoms and 
ameliorate aberant signals from an 
abnormal peripheral vestibular organ. 
Presentiy, all medicines which suppress 
vertigo and the associated autonomic 
symptoms have important side effects. 
They cause drowsiness, dry mouth and 
eyes and may interfere witii normal 
centiral nervous system function. 
Therapeutic agents with greater 
specificity need to be developed. These 
developments should result from basic 
science experiments, for example 
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employiiig monoelonal antibodies to 
locate specific receptor sites within 
vestibular padiways. Work should be 
continued on the fbllowing topics, and 
spedfic goab are to: 

o Investigate neurotooi^ agents 
such as no^ growth fo^<Hr and 
thyroid and adrenocortical 
stimulating hormones, showing 
some promise but tt<rt yet iiaving 
been sufiBdentiy equated to be 
recommended ftnr clinicid use. 

o Determine the possible deleterious 
effect of v^tibulo-suppr^iYO 
medications on rehabilitation, 

o Compare pnwpectively the effects 
of ablation with the effects of 
aminoglycosides. 

Surgical Therapy 

Work should be continued on the 
following topics, and specific goals 
are to: 

o Evaluate, in carefully contet>lled, 
clinical studiM, the effectiveness of 
controversial procedures, such as 
\ot^ relocation, perilymph 
fistula **repair" and canal 
''plugging for benign paroxysmal 
positional vertigo. Animal models 
with documented histopatholo^c 
correlates of tboM lemons should be 
employed as welL 

o Examine the anatomic and 

physiologic aspects of the central 



compensatory events that follow 
labyrinthectomy and vestibular 
neurectomy in animal models* 
Short- and long-tM*m assessment of 
th^ changes may help to 
determine the optimal thei^ieutic 
procedure. 

Rehabili^thn 

Work should be continued on the 
folloDdng topics, and specific goals 
are to: 

o Itetermine whether exercise 

enhances vestibular rehabilitation 
and/or im|m»VM the level w rate <^ 
recovery in patients witii vestibular 
disorders using prospectively* 
con trolled studies which quantify 
changes in vestibular function. The 
exercise aiH>roeches used should be 
founded on knowledge <tf the 
normal anatomy and physi4rf<^ of 
the vratibular system and may be 
specific for different disorders. 

o Develop outcome measures for 
assessing treatment efficacy, 
including postural responses. 

o Investigate the effmst of co- 
morbidity on recovery following 
vestibular lesions, especially the 
efTect of disorders that affect the 
visual and somaU^ensory systems. 

o Determine the adaptive capability 
of the vestibular system in young 
and old subjects and patients with 
various vestibular disorders. 
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Research 
Opportunities 

Migor Basic Scientific 
Oppoiittiiities 

There are five broad, hi^'priority 
areas for basic vestibular research: 
signal tetuisdvctioii 1^ vestibuUur end- 
OTgans; reflex cMmtovi of posture and 

MOMnry fait^rati<m in spati^ 
mrientatioa, ^reepticm and -Tc^on 
siclmess; adaptive changes in vestibular 
ftincllont and development and a^g of 
tiievMtibQlar^rsteni. Within each area 
opportanities exist for r^arch at the 
levels oft behavicnr, kinedoli^ and 
blophysi^ anatomy and phy^logy; 
cellular properHest Mophysi^ and 
ntc<t boUsm; pharmacology, molecular 
bko^ :^ and genetic^ and mathematical 
and computer modeling. These 
opportunities can be summarized as 
follows: 

Signal Transduction by Vestibular 
end-Organs 

Imp<Mrtant goals are to understand 
how vMtibttlar end-wgan» convert head 
movemoits into neural signals and to 
determine Uie way in which this 
converrion is modulated by efferent 
projections firom the brain to the end- 
organs. Research is ne^^ to: 
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o Inscribe the motitms of the cupuiae 
and otoiiihic membranes in 
response to head movements and 
examine the possible role of hair 
c^ motility in modifying tiiese 
motions. 

o IMermine Uie distribution and 
organixadon <tf otolithic organ and 
semidrcular canal inputs to the 
vestibular nudd and cerebellum 
and ^uckiate ti^e fbnedtm of the 
vestibular Cerent system in 
behaving animals through 
anatomic and physiol<^c research. 

o Characterize the bi<^hysical 

properties of hair cells and afferent 
fiber terminals. This research 
should include studies of the hidr 
cell transduction channel, the 
basfrfateral curraits wi^in hair 
^lls and the efferent actions on 
both hair toUs and afferent nerve 
terminals. 

o Conduct molecular biolo^cal 
studies which isolate and 
characterize the molecular 
components of the transduction 
channel and associated regulatory 
proteins. 

o Identify neurotransmitters which 
mediate i^ripheral vestibular 
function . 

o Investigate metabolic requirements 
of the sensory organs and neurons 
La the Inner ear and the 
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mechanisms of producti<m of inner- 
ear fluids and transduction 
elemrats (cristae and maculae). 

o Devdop dynamic models tliat 
prmUet and explain patterns of 
afferent fiber activa^m <m the 
basis ot anatomical and biophysical 
profwrtira ft! Mid-organs. 

Reflex Control of Posture and Gaze 

The goal is to understand the 
sUiicture and function of neural circuits 
that transform VMdbular senses^ input 
Into the motor ou^ut required for control 
of postare, locomotion, fine motor 
activities and gaze. Re^arch is needed 
to: 

o Characterize the behavioral 

strategies and neural mechanisms 
used to determine fMsture and gaze 
during active and passive motion 
and during combinations of linear 
and angular acceleration in three 
dimensions. Studies are also 
needed to define the efflirot of 
exposure to altered gravito-inertial 
fields <m vestibular reflexes and 
their potential clinical 
consequences. 

o Characterize the anatomic and 

physi<rfogic properties of neuronal 
pathways that constitute the 
vestibular sjf^tem in animal models 
and normal humans. It b especially 
important to identify pathways 
involved in vestibuliir i^flex control 
of neck, axial and limb muscles and 



to determine the dgnals they carry. 
Emphasis should also 1m given to 
understanding tiie neural 
substrata ot otolithic organ 
reflexes and postural stabilization. 

o Correlate structure and 

cytochemistry of neurons in 
different vestibular circuits with 
their resfHmse characteristics. 

o Characterize the bi<^hysical, 
molecular and pharmacoli^cal 
profwrties of specific groups of 
relay neurons in p<ratural and gaze 
reflex pathways. 

o Develop multidimensional models 
that explore the neural basis of 
dynamic and spatial 
^ansformations in vestibular 
reflexes. ^ 

Sensory Integration In Spatial 
Orientation, Perception and Motion 
Sickness 

Understanding of the vestibular 
system requires knowl^ge of how 
vestibular signals intermit with 
information from other Mnses to generate 
perceptions, movements and motion 
sickness. Research is needed to: 

o Describe sensorimotor and 

perceptual reactions to complex 
combinations of linear and angular 
accelerations and determine how 
vestibular, visual and 
proprioceptive inpute interact to 
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generate |>ercepd<m8 ci space and 
body motion. 

o Omduei anatomic and physiok^ic 
rraearch to characterize the neural 
mechanisms tiiat combine ot<^thic 
organ* semicircular canal, visual 
and somatos^uory infMwatlon to 
generate i^rceptuai and postaral 
respimses and that generate moti<Mi 
sickness. 

o Characterise tiie neural and 

humoral mechanisms assroiat^ 
with motion siekn^s and vertigo at 
the cellular and molTOular levels. 

o Develop models that Incorporate 
and test the understanding of the 
neural basis of postural and gaze 
contrtrf during active and passive 
motion* 

Adaptiye Changes in Vestibular 
Function 

studies of vestibular adaptation 
can both reveal ba^c principles of motor 
learning and lead to steat^es for 
enhancing recovery fin>m vestibular 
lesions. Research is needed to: 

o Determine at the behavioral level, 
both the extent to which the 
adaptive system can compensate 
for vestibular dysfunction and the 
sensory cues that are important in 
producing this compensation. 
Adaptive changes in both rapid and 
slow componente of the VOR and in 
postural reflexes should be studied. 



o Conduct anatomic and phy8i<rf<^c 
resMunch to determine where in the 
brain stem and cerebellnili the 
nmiral changes responidble for 
adaptive alteration of vestibular 
reflexes ocmur and how tlMse 
changes lead to tiie observed 
alterations in behavior. 

o Characterize the biophysical 
changes that occur at various 
neural sites during the adfystive 
process. 

o Analyze the pharmacoli^ic and 
molMular bases adc^tive 
changes and the way in which they 
depend on expression of molecular 
mechanisms such as proto- 
(mcogenes, second messengers or 
humoral factors. 

o Develop models that account for 
adaptive changes at both the 
biophysical and neural circuit 
levels. 

Development and Aging of the 
Vestibular System 

Knowledge in this area will both 
help us deal with developmental 
disorders and age-relat^ d^lines In 
vestibular fUnctimi and also con^bute to 
basic understanding of vestibular 
mechanisms. Research is ne^ed toe 

o Characterize at the behavioral level 
the progression of perceptual and 
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reflex function during development 
and aging. 

o Conduct anatomic and physiologie 
research to determine the 
mwhanisnKs) nnd«4ying 
devdiq>ment antral i^tibular 
pathways, their relation to 
devetopmmit «tf p«ripteral end- 
organs and the ontogenetic 
sequencm of connectivity between 
VMtibular neurons and mMor and 
higher sensory centers in the brain. 

o Study how membrane and synaptic 
prof^rtira of hair wlUa and 
vestibular sensory and motor 
neurons change during 
development and aging and 
examine the roles of neural activity 
and neurotransmitters in 
produdng those changes at the 
cellular leveL 

o Determine the neurote^smitters 
pr^ent In vestibular brain stem 
nuclei over the courM of 
dev^opment, maturation and 
aging. 

Major Clinical Scientific 
Opportunities 

There are dx broad high priority 
areas for clinical vestibular research: 
prevalent and eavironmratal factors; 
anatomic phy^oI<^ic and molecular 
bas^ diagnmtic methods and testing 
proc^ures; adaptive mechanisms; and 
medical and sui^cal therapy. These 



opportunities can be summarized as 
follows: 

Prevalence and Environmental 
Factors 

It b imiHMrtant to develop a better 
understanding <ii di^«se prevalence and 
possible associated environmental 
factors. R^warch is nemled tos 

o Aswss the distribution t»{ balance 
disorders am<mg different sm^rs 
of the population (including age, 
gmder, genetic background and 
geography). 

o Identify environmental and 
occup^ional hazards that 
adversely affect balance. 

o Carry out a dem<^prs^hlc study to 
evaluate the d^eterious effects of 
prescription and over-the-counter 
mediations which may produM 
antral or peripheral vestibular 
alterations. 

Anatomk, Physiologic and Molecular 
8ases 

A better understanding of 
anatomic, physioli^c and molecular 
bas^ of normal and abnormal balance 
processes is needed. 

o Determine modifications of 

neuronal vestibular pathways in 
animal and human pathologic 
specimens with known vestibular 
dysfunction. 
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o Analyse the molecular and 
pharmacologic pr^»ertles of 
si>eei& groups of relay neurons in 
postural and gaze reflex pathways. 
The devdopment <^ these 
pn^pwtim firom emhryo to adult 
vestibular systems should he traced 
and changes that accompuiy aging 
examined* 

o Determine the conistence of 

multiple neurotransmitters within 
sinjg^e vestibular synapse. 

o Etetermine the excitatory and 

inhibitory neurotransmitters in the 
vestibular portion of the brain stem 
nuclei during development, 
maturation and aging. 

o Develop animal models to study the 
pathophysiology of vestibular 
diseases. 

o Examine structural changes in 

vestibular pathways in animal and 
human pathologic spedmene with 
known vestibular dysA nction. 

o Investigate the molecular basis of 
acquired and congenital inner^ar 
disorders in humans and animal 
models. 

o Study and correlate peripheral and 
central pathologic abnormalities 
with Uochemical and molecular 
changes in human subjects with 
well-studied disease. 



Diagnostic Methods and Testing 
Procedures 

Improved tests ai Imlance function, 
a more standardised method of testing 
and research cm patiiology are needed . 

o Itei^op new tests to evaluate 
otidithic organ and vertical 
semicircular canal function in 
humans, including fireely-moving 
subjects. 

o Develop tests to define the 

contributi<ms of neck receptors to 
normal gaxe and balance function 
and to vert^o and imbalance in 
pathological conditions. 

o Develop new tests for vestibular 
functi<Ni inv(4ving non-invasive 
racording of neural activity and/or 
reflex responses dicited by specific 
mechanical or dectrleal stimuli 
that activate vestibular afferents. 

o I^elop new and improved 
methods for the evaluation of 
p<»ture under static and dynamic 
conditions. 

o Develop standards for the more 
commonly-used diagnratic tests in 
the vestibular test battery. 

o Devdop improved psychophysical 
methods for evaluation of 
vestibular ftinction in health and 
disease. 
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o Devdop animal mod^ to study the 
i^laldttty and vaUditgr of new 
mtibuiar tests. 

o I^veh^ methods to detect 

immun<do^ and autoimmune 
inner-ear di8<ml«rs and neoplasms 
for the diagnosis ot vestibular 
system disorders. 

o Validate eurrratiy ace^ted 

diagnoses or new diagnoses hased 
on eUnical pathok^^ c<»Telaticm. 

o Conduct serial (longitodinal) 

studies of the changes in vestibular 
tests in patients with well-defined 
patlM^i^ie pro^»s^ 

Adaptive Mechanisms 

Adaptive mechanisms play an 
important nle in normal balan<» 
function, compensation for disease and 
rehabilitation. 

o Analyze the molecular and 

pharmacologic bases of adaptive 
changes In the vestibular system. 

o InvMtigate the use of 

pharmacolt^c ag«its to modulate 
changes in adaptive compensation. 

o Extend studies of adaptive 

behavior to condder the conditions 
ot unilateral and bilateral 
labyrinthectomy in an attempt to 
understand the response to 
vestibular denude. 



o Determine if there is a cilti<^ 
period for the initiation of 
vestibular exercises to facilitate 
rMovery ffdlowing tiie sudden 
on^ of v^tibular loss or 
dysftinction in humans. 

o uetranninetteoptinkal 

characteristics of vestibular 
stimulation necessary to fadlitate 
recovery in different vestibular 
disorders. 

Mediail and Surgical Therapy 

Medical and surgical therapy is 
firequentiy based on Insuffideat 
determination <rf efficacy. Standardized 
reporting of results is critical, and the 
efBcacy of tireataent sbmild be 
determine. 

o Perfmrm multi-center, prospective, 
contr^^ clinical trials which: 

o eraluate medical therapy for 

vratibttlar symptoms, 
o evaluate Mmotic or rmial loop 

diuretics for the treatment of 

episodic vertigo, 
o compare medical to surgical 

ablative therapy in Meniere's 

disease. 

o Study the path<^ogic effect of vessel 
loop CO ipression on the vestibular 
nerve and the effectiveness of 
vessel loop relocation. 

o Study the anatomic, physiologic 

and pharmacolo^c central nervous 



BALANCE AND THE VESTIBULAR SYSTEM 



system c«HTriat«B<tfiiettre«tomy o 
(partial and total) eom|>ared to 
labyrinthectomy in appropriate 
animal models. 

o Determittellieeffwtofstti^cal 
manipulfltUm of the cochlear nerve 
and the fiielal nerve intrammially 
and in ttie intwmal auditory canaL 



Determine the elfieet of the 
peri^iliaral and cmteal molecular, 
Irfoehemical and structural changes 
fidlowing various aldation 
prcKsedurra* ewg. labyrinthectomyt 
and partial and total v^bular 
nrareetomy. 



70 



LANGUAGE AND 
LANGUAGE H^AIRMENTS 



LANGUAGE AND LANGUAGE IMPAIRMENT 



Table of Contents 

Overview 75 

Reeent AGCompUshments 76 

Muiticultaral Issues 76 

L anguage Among Deaf Children and Adults 77 

Language and Language INs<nrde» in Children 79 

Language and Langua^Dis4Nrders in Adults 92 

Program Goals 65 

Research Opportunities 67 

MttlticulUiral Issues 67 

Language and Deaf People 86 

Language Devetopraent in Deaf Children 66 

Studies ofUteracy in DeafChildren and Adults 66 

Basic RMeareh on Sign Language Structure and Function 90 

Language and Its Di8<mie» in Cliildren 91 

Bases of Language Disorders in Children 92 

Assessmmit 93 

Academic, Social and Vocational Impact 94 

Intervention 94 

Language and Its Disorders in Adults M 

Brein>Langttage Rdadons 95 

Analysis of Ptomssm Underiying Language Disorders 96 

Assessment, Intervention and Recovery 97 

Comparative Language Studies 96 



77 



73 



LANGUAGE AND 
LANGUAGE IMPAIRMENTS 



Overview 

Language is the espressi<m of 
human «>mmuaication throu^ which 
knowledge, belief and behavior can be 
experienced^ explained and shared. The 
aMlily lo manipulate luigui^ to satisfy 
n^ds and dralrM and to ^press 
thonghto, observadims and values is an 
important human pursuit that directly 
influ^OMS the quality of life for any 
IndividuaL 

The broad goals of research on 
language are to undM«ta»d the nature <tf 
ncvmal language ftinct^on, including the 
underlying Imsm and mechanisms 
invirived. One goal of this woric is to build 
the fouadaliim ne^sary to develop and 
evaluate intervention and rehabilitation 
stn^^ies to improve and enhance Uie 
communication procoM tor indivMuals 
with language disorders. The 
understanding of normal language 
(whether spokoi, signed or written) 
provides a basis for compariMu in 
investigations of language disorders. It is 
critical to undm-stand how language is 
produced and understood, what its 
biolq^ical and neural sulMftrates and 
organizing prindpl^ra are, how it is 



learned by chUdren and how it is 
pro^«SMl. 

For an adequate understanding of 
language functioning in chUdrm and 
aduHs, research ^orts must include all 
<^ the divMTM grou|M tiiat make up 
contemp<n«ry Unitml Statos society. 
These populations include racial and 
ethnic minority groups and groups 
cat^mriz^ in twms d gender, age, 
geographic re^on and social and 
ecraomic status. 

In the Uidted States, tiiere may be 
as many as one half million persons who 
were bom deaf or who iMt ihtAr hearing 
before they a^uired spoken lang' age. 
In the woiid at large the numl^ may 
approach 10 milli<m. A lai^ pro|KNrtion 
of th^ individuals um a form of dgned 
language as their primary mode of 
communicfUi<m. Some use spoken 
English exclusively. Many use both. 
Research and services related to deafiiess 
must be concern^ with the impairment 
auditory language and with the status 
of and access to signed or spokw 
language which are i^rceived visually. 

There exists another group of at 
least one million people whose hearing 
impairment is less severe but was 
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acquired duriagehildliood. Most «tf these 
individuals use spoken language as their 
I^imary m>de itf «Mnmnnk^ation, 
aithmigh some also use a signed 
language. Despite the substantial benefit 
of andHory input to such people, their 
language acquisition is often 
chfi[racterized by difficulties not faced by 
normal heuing people. 

Individuals with normal hearing, as 
well as those with a bearing impairment, 
may exhiUt a disorder ^laagnaget that 
is, a d^dt of lasgua^ oomprehmslon, 
produetioB or use sufiBeieat to impair 
iaterpmraMmalcommuAicatlon. In young 
children, tiiese disorders firequently 
iavolye difficulty in the acquUitloo of tiie 
ambient spoken or signed language and 
may also lead to impairment in reading 
and writing. In adults aad ohler children, 
impaired persons include apliasic 
iadividttals who have lost their previous 
iev^ of language competence as a rrault 
of brain ii^ry. 

Language impairments imi^e 
economic self'Suffi^ency, anemic 
p«rf<»rman4» and employment 
q^jMNTtunities. It is estimated that 
between six and dght million individuals 
in the United States liave some form of 
language impairment In addition to loss 
of livelihood, these dis<»rders impose 
sodal isolation and personal suffering on 
the affected individuals and place an 
enmmotts emotional and economic 
burden on their families and on sodety as 
a whole. Th^ disorders have a life-long 
impact on the ability of those affected to 



nuike thdr way or even to survive ha our 
technologically-advanced society. 

Disorders of language affect 
children and adults difi^M^tiy. For the 
child who does not use language normally 
from birth or who acquires the 
impairment in ehildliood, the disorder 
oceurs In tiie context <tf a language 
system that is not ftiUy devdoped or 
acquired. In^mtaasttdami^totiie 
language apparatos in adults disrupts a 
system that is less malleable in the fiace of 
iidor^ damage. Adults with aphasia 
commonly have highly-selective deficits 
and nimne Idghlydeveloped 
eompensatwry mechanisms. Neurdc^c, 
phydologic and metabolie differences 
betwran children and adults provide 
particular problems and challenges to the 
study of language disorders in these 
populations. As a result, while the broad 
goals of research on language disordei^ 
aro similar for eliildrea and adults, tiie 
research agendas for these two groups 
are considered separately. 



Recent 

Accomplishments 

Multicultural Issues 

The mi^rity of children from all 
cultures acquire language wiUi Uttie 
difficulty, including those who are reared 
in multicultiiral environments. However, 
the assessment of disorders within 
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multicaltural groups can he complicated 
byai^ety<^fisctors. For example, 
individuals wiio are memters oi 
multieuitur&l populati<ms such as 
African-, Asian- and Hispanic- Americans 
may be incorrectly identified as language 
impaired due to the use of culturally- 
inappropriate language assessment 
instruments. On the other hand, such 
groups are more Ukeiy toUve in 
conditions of povmly, whieh give rise to 
various health and social conditions that 
are linked to increased risk of 
communication disorders. 

There are likely to be pertinent 
differences in prevalence, causes and 
manifestations of language disorders 
among diverse cultural populations, For 
example, sickle cell anemia, a condition 
associated with an increased prevalence 
of sensorineural hearing loss and 
neurological impairment, is estimated to 
occur in one in every 600 African- 
American children. To the extent that 
these complications directiy influence 
language learning, such children are at 
considerable risk. Current data also 
show a very high prevalence of chronic 
middle ear disease among Pacific Rim, 
Alaskan Native and Native American 
populations. The prevalence of 
hypertension and diabetes, two of the 
primary risk factors fc-/ stroke, may be 
higher among low socioeconomic groups. 
Thus, there is likely to be an increased 
occurrence of aphasia in these groups. 

Language disorders have been 
found to occur in children with elevated 
blood lead levels. The highest blood lead 



levels have been found in children living 
in low-income households within the 
inner cities of large urban areas. 

Language Among Deaf 
Children and Adults 

Language acquisition takes place 
naturally for most children; those who 
have normal hearing and those who are 
deaf witii ^gning deaf parents. Many 
deaf children use a natural sign language, 
American Sgn Language (ASL), which 
shares an underiying organization with 
spoken language. Recent 
electirophy^ological findings show that, 
in spite of the very different input/output 
systems employed, the same areas in the 
left hemisphere of the brain are involved 
in language tasks in native signers and 
speakers of English. However, despite 
the ease with which they acquire ASL, 
many deaf children of deaf parents have 
inordinate difficulty learning to read and 
write. 

Studies of the acquisition of ASL 
suggest that signers acquiring the 
language at a later age demonstirate 
grammatical deviations from more 
standard ASL. These deviations persist 
even four or five decades after 
acquisition has taken place. This finding 
suggests the existence of critical periods 
for acquiring signed language that 
parallel those documented for spoken 
language. 

Studies of deaf children of hearing 
or oral deaf parents indicate tiiat* with 
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intensiye oral trainini^ their ^rquiaition 
of sfN^ira language and reading tends to 
be superior to that of deaf children with 
equivideat lev^ cS hearing impairment 
who do n<rt have such trainhig, Haweverf 
deaf children <tf h^urhig or mal deed 
j^uemitB Mlm display substantial delays 
learning to read and write. 

The dominant peda^^ical 
metitodoiogy employed currentiy in the 
United States in teaching language to 
dMif children ia^ves the ez|M»sure to 
artificial signing sjwtems, which are 
intended to reprMent and model En^h 
and to promote tiM nataral a^iui^tictn of 
En^Ush grammar. Recent research 
suggMts that deaf chUdrra ^h^uing 
parents^ when exposed only to artificial 
signing systoms* develop some 
idiosyncratic grammatieal patterns that 
may not reflTOt the structaire of English or 
ofASL. 

Another methodoli^ currently 
employed emphasises the development of 
spokoi language esclusl^raly. Some deaf 
children exposed to tills method 
throughout their educational pr<^am 
achieve English language competent 
without the knowledge t^dgn langui^e. 

Cued Speech, a system of 
communication which uses dmple hand 
cues in on^unction with the natural 
mouth movements of HM«ch, emphasises 
the natural development of spoken 
language. Many deaf people ezpwed to 
this system throughout tiieir Miucational 
history achieiw English language 
competence. 



Just as spe«sh is <me of the basic 
building blodcs of language for hearing 
people, rigning is one 4^the ba^ 
bttiMing blocks of language tw some deaf 
people. Thus, the study <^ sign language 
perceptkm is as ^iticai to an 
and wrtanding <tf the language of many 
deaf people as the study of speeeh 
perMptim is to under^anding tiie 
langua^ <rfh«tting ^(^»le and deaf 
pe<^Ie who use auditnry midAnr visual 
means for perceiving spoken language. 
Such studies will provide ind^t into the 
natore (Slanguage proee^ngia deaf 
people and will lay the foundation for 
understanding di8<MrdM« of spoken 
language that may occur in certain deaf 
persons. CompariMnsofthe processes of 
spoken language itereeption and signed 
language ^reeptiiHi in n<Mnnal and 
language-disordered hearing and deaf 
individuab provide a unique means of 
determining tiiose aspwte of language 
that are independent of the mode (signed 
or spoken) of communication. Such 
findings may to used to devel<v 
appropriate rehabilitatiott stirategies, 
depending upon the nature <tf the 
language deficit 

Studies of the acquisition of sign 
surest that infante are very gmid at 
relating information In one sensory 
modality with infmrmation in another. 
Deaf infante learning a signed language 
rely on movement ofthe hands and arms* 
aswellasproMS^gbytheeye. New 
technology fcnr three-dimensional motion 
analysis has been devel<^>ed for the study 
of dgned language perception, and 
investigations are now under way that 
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will allow one to wparate constraints 
uapMed by tiie transmission modality 
from more centrally determined factors 
in tlie perception <rftlie basic buHding 
blocks of language. 

Central to tiie uadwstandlng of 
disorders of spoken and signed language 
perception In the hearing impaired is an 
understandli^ oi norauU process^ 
Research advances in tile past Id years 
have focused primarily on spoken 
language perception in normal persons 
and while many advance have b^n 
made, sdeatlsts are only beginning to 
understand f^iUy the nature of the spoken 
and signed language perception proc^». 

For most people, ^>oken or signed 
language, or a combination of the two, are 
the ways to express tiioughts and ideas 
and to communicate witii Mich other. 
How spoken or signed language 
percepticm interacts with syntactic and 
semantic knowledge in language 
compreh«irioa Is still not understood. 
The increased availability of precise 
instevmentati<m technique and use of 
more sophisticated research methods 
promise to provide a richer 
understanding of the natore of spoken 
and signed langua^ perception. Largely 
through the efforts and cooperati<m of 
many different kinds of scientists (speech, 
languid and hearing statists, 
engineers, linguists and psychologists) 
research on this topic is beginning to 
contribute a multi- and inter^disciplinary 
perspective to this complex but critical 
problem. 



Language and Language 
Disorders in Children 

The study of language ac<|ul^tion 
in normally-develoi^g hearing children 
has provkled an impmrtant frandatkm for 
research wiUi language-disordered 
children. Findings on boA the course 
and anderlyiag bases of language 
development have been reported. It is 
clear from this work that infants have 
available at Urth, or quickly develop, 
many <tf the pmaptual, cr(»s-modaB 
(auditory-visual) and conceptual aMlitles 
necessary to learn language. IMfferences 
among individual children's language 
learning patterns have been identified, as 
well as dififiwences in learning according 
to the type of language being acquired 
(eg., morphologically-rich like Italian vs. 
wiNrdnmlM^omlnant like En^ish). 
Although much res^rch remains to be 
done, the existing knowledge has greatiy 
facilitated the study Slanguage 
impairments. 

Language disorder among hearing 
children can be discussed In terms of 
whethw the language dllBcultles exist in 
isolation or in association with other 
problems and whether the factors 
interfering with language were present 
from birth or appeared subsequeuUy. 

Many children with isolated 
language problems that appear to be 
pr^nt from birth are given the dlnleal 
Ubd of spedfi^y language impaired 
(SLI). These children show normal 
hearing, age-appropriate scores on 
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standardized teste <^ nonverbal 
intelligenee and no ov«rt evidence of 
neurological damage. Althougli U.S. 
prevalence data need to be more firmly 
estabUsbed, it is estimated that 
^proximately five ii^'^it id preschool 
children foil into tiib dinieal category. 

Although 8LI ehttdren do ntA show 
siipis ci frank neurological impairment, 
neuropsychol<^cal stedies have 
revealed that these children perform 
poorly on perceptual and memory tasks, 
esp^dally those im^ving Uie pi^CMsing 
of rapid acoustic changes. These findings 
cast doubt on the presumed Isolation of 
the language difficulti^ 

InvestigBdons of tibe language skills 
of SLI children have focused on syntax, 
morphology » phonology and semantic 
relatitMif . These stu^lies have revealed 
! {gnifisar^t Umit&ti<Kis In Mch <^ tibese 
areas. Although rav'h area is acquire in 
a manner approirimating normal 
developnKmt (albeit more slowlyX the 
laagua^ ; rofiles acr«MS areas often do 
not match th««e of younger, mrmally- 
deveioping children In ti&at^rtain areas 
(for exami'Ie. morphcrfogy) may show an 
e^>«sSally serious de&it. Because 
studies have focused ^clusiv^y on SLI 
children acquiring English, it is not 
known whether the observed profiles 
reflect general difi^ultira with particular 
grammatical fhnctions or are influMiced 
by the manner in which thrae pn^rties 
are marked in English. Several 
retrospective, f«^ow-up studies of SLI 
children have suggested that residual 
problems with language and language* 



related leaniing problems n»ay be seen 
through adolescent and into adulthood. 

RMeareh in rwent years has begun 
to address the problem of inadequate 
subject d^uratipdon <tf SLI ehlhlr«i. This 
work has provided a protocol for 
selMtiag prototyfdc ^roui^ «tf SLI 
children. Projects devo^ to 
distinguishing among subgroups of SLI 
children are now under way. 

Efforts aimed at the early 
identification of SU children are also in 
progrms. It appears that childrm*s 
ezpr^^ve vocabulary dze, vocabulary 
comprehenrion and use ai symbiriic 
gesture assist in determining whetiier 
late-talking children are at risk for 
langui^e impairment 

New techn<rf(^es such as mimetic 
resonance imaf^g (MRI) and event 
related potentials are beginning to be 
applied to SLI ehildrmi. Rraearchtodate 
sugg^ts that SLI childTM show an 
atypical l^right hemispheric 
configuration. Gonetlcstudiesof SLI 
children have also been undertaken. The 
preliminary finding fkom thew studies 
stt^mt that SLI children are more likely 
than normally'developing children to 
have other members of the family with 
present or r^olved language difficulties. 

Research on ti>o phonologic, 
morphologic and syntactic features of 
language that are difficult for SLI 
children, as well as on the perceptual and 
motor abilities of these children, has 
continue. In addition, the lexical 
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(vocabulary) and pragmatie 
(commiiiiieatii^e-c<mvM^ti<mal) abilities 
of SU children have received 
investigative attration. 

I^TMpMtive limgitadinal research 
on SLI children has begun. The results of 
these studies indicate Imig-temi deficits 
inth^chUdren. Svidra^is 
ac^mulating that yming SLI children are 
clearly at risk for later d^dts in reading 
and that SU and reading-cUsabled 
children represent overlapping 
populations. 

For many children with language 
disorders, limitations in other areas are 
also evident Some of these multiple 
disabilities result firom maternal 
substance abuse in pregnancy, fetal and 
infant malnuttiti<m, lead p<rfsoning, 
congenital AIDS and prematurity in the 
children of adolescent mothers without 
prenatal care. 

In terms of prevalence, mental 
retardation Is the most mmmon disorder 
associated with inadequate language 
development. Recent research shows 
that children with mental retardation can 
have a variety of language disorders and 
that mental retardation often offers an 
inadequate explanation for 
communication problems in these 
children. A common genetic fmrm of 
mental retardation, Down syndrome, has 
been shown to be associated with greater 
impairment of expres^ve than receptive 
iangui^e. Fragile>X, probably the most 
common single cause of genetic mental 
retardation in males, affects language 



meaning and use more than it does the 
acquisition of phonology and syntax. 

Autistic childrea constitute another 
group in whom language is but one area 
ctf defideacy* Inad^uate 
communication skills are hallmarks and 
the most comm<m prfM«itlng symptoms 
<tf autism, butnonUnguistic d^dte make 
separate con^butions to its 
symptomatology. Nonethdess, it is now 
clear that, while autism is assodated with 
mental retardation in some children, 
mental retardation is not a defining 
feature of the disorder. 

Other conditions that can 
complicate tiie norm^ msquisition itf 
language relate to the availability of an 
adM|uate listening envinmment early in 
life. This need is illustrated by three 
findings, first, there are some data to 
su^^ that chronic otitis m<Miia in the 
de^oping infant, when accompanied by 
a mild and intermittent hearing loss, may 
be predictive of later language 
impairment. Second, there is evidence 
that early amplification and auditory 
training can significantly aitwt the deaf 
child's acquisition of spoken language. 
Third, there is evidence tiiat normal 
infants and children need a more 
favorable signal relative to the 
background ndse to perform at the same 
level as the adult in spoken language 
perception tasks. 

Some language disorders in 
children are acquired through infections, 
tumors, stroke or trauma. Strokes in 
children are estimated to have an annual 
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inddenee of 2^ per lOMOO children. 
OUier causes, such as head trauma are 
estimated to he as high as 200 |ier 100,000 
peryMT. 

Advances have been made in 
sf^fylng the relatimiship smtmg 
acquired language defied and the 
fo^lity Of ^ttiuenem of eeatral nervous 
system (CNS) invelvemciit, l^ioa 
laterality and age at lesion onset. 
Children witti focal, unilatwi^ lesions, 
such as those sustained following 
vascular ^^iMdes, generally have been 
found to have better long-term language 
development and recovery than ehlklren 
with lesions Involving more diffuse brain 
structures, such as CNS tumors treated 
by whf^head n»Uation and 
cheraothen4>y, Mvere dmed head injury 
or epileptic apharia. fluent and 
n<mfluMit aphadas may occur in children 
with acquired brain leskms, and a variety 
of syntactic and todcal comprehension 
and production d^dts have b^i 
described fdlowing left hemlsphM^ 
ImIohs. Delays in lezkaldevetopmeat 
and in the developsMut of syntactic 
structores have been docummited 
following rarly lesimis ot either the left or 
ri^t hemisphere. Attempts to relate 
language sequelae to lesion location 
within a hemisphere have l^n equivocaL 
Prc^ods related to age at tedon onset is 
controvenial and amfound^ by factors 
such as the diffkise natore of Uie lesion, 
concomltent seizure disorders and 
questionabie premorbid statas. Stodies 
udng elM^physiolq^ and 
neundm^ing tmshniques are beginning 
to address the nature of hemispheric 



re<wgBnizadon following acquired 
language Ums in chUdrea. 

Language and Language 
Disorders in Adults 

Current Imt MdmatM pUu» at 
nearly one miUioa tibe numtor ol^ults in 
the United States witii acquired disorders 
(Slanguage due to stn^e or traumatic 
Inrain injury. AiMitloaalJty,alarge 
proportion of the ^timated two million 
citizens with progressive dementing 
disease have significant language 
impairment Their disabilities range ^m 
partial impidrm«it tiiat affects primarily 
one or two input or ou^ut channels to 
near total and permanent loss of 
comprehension and productkm of 
sp^ch. While many rendered totally 
dependent, ibwe is a wide range of 
possibilities for rehabilitation of 
communicative power and, in some cases, 
the return of economic self*sufficiency. 

Impairments in the comprehension, 
production or use ttf language by adults 
are encountmred in a nui^ <tf clinical 
settings. Acquired language disorders 
are firequentiy observed, for example, in 
patients with stroke, head i]:^ry, 
dementia, brain tomora and CNS 
infections (including AIDS). Language 
diMNTders are also found in adults who 
have failed to develop normal language 
because of childhood autism, hearing 
impairment or othw congenital or 
acquired disorders of brain development 
Although defidts of spoken languuge 
frequently a£fect all language modalities. 
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that is* reftdiag, writing and tlie signed 
langaa^ deaf p^rie, dissMda^os in 
perfonnanra as a ftinction of language 
modalitiy do oeenr. Thns, for exanplev 
patients with acquired disorders of 
reading or writing may be ^sentiaily 
nmrmal in ^p<A«i language. La^y, 
disorders of language, or communication 
more generalty, may fa« encountered in 
patents with dysftmctkm of ^ non- 
dominant heminvhere. Speeillc 
impalrmentB in the intmrpr^ation of 
communicative intra t* as weil as in the 
abittty to i4>prMiate Mveral alternate 
meanings «tf a wmrd, have been 
demonstattted after stride involving Uie 
right hemisphere. 

Research on the ways in wliieh 
adult language can br^k down following 
brain ii^ury ne<»ssarily builds upon an 
understanding of how language 
comprel^ndon and production are 
accomi^ished by normal people. The 
development of ez^rimental techniques 
for analyzing language fkinctions and for 
investi^ting the neuroanatomic 
representatttm of those ftinctions in the 
brain constitutes an Important 
componrat of current efforts in this area. 

The understmiding of the anatomic 
and physiolf^ic bases oi normal and 
disordered adult language has, in recent 
times, teen facilitat«l by the appUcatimi 
of a variety of experimental techniques. 
Contemporary computed tomography 
(CD and magnetic resonance imaging 
(MRI) scans oikac precise information 
about lesion size and location heretofore 
available only at autopsy. These data 



have, for exiuaple« contributed to a better 
understanding <tf tile anatomic ba^ «»f 
speech initiation and production. 
Imi^iBg of bra^ metiUM)li8m and blood 
flow using patron emission tom<^raphy 
(PET), as well as single photon emission 
computed tomography (SPECD, has 
cmitributed suhstaatiany to the 
understanding of tiie functional anatomy 
of tile language sy^m in n<nrmal subjects 
as well as in patirata with brain 
dyirfiunction. Tlwse studies of dynamic 
brain i^vfty have alM led to a greater 
appreciation of the important 
interactions l^ween language and other 
cognitive operations. Electro-corti<^ 
stimulation techniques have also 
c<»itribtt^ to the understanding of the 
functional anatomy of the language 
sy^em* Theanalyaisofthecimsequences 
<tf tirandent ele^rically-indu^d Mrebral 
'Wons" has fadUtated the identiacation 
of diwr^ language a^hanisms and has 
engendered tetter undentanding of tte 
individual variability in the cortical 
representotion Slanguage functions. 
Finally, additional elMtr(^hysiol<^c 
techniques, such as evmt-related 
potentials (EKP) as well as advances in 
the mattematical modeling and s^al 
processing of eledroencephalographic 
data, have agisted in the understanding 
of the temporal courae and anatomic 
representation of language proc^ses. 

The tiieories and methods <^ 
modem cognitive science have brought 
ateut important refinements in 
understanding the cognitive processes 
that normally underlie language 
Unctions. For example, chronometric 
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investigatioas of the course of auditory 
language comprehension have 
higUi^ted the complexity of the 
processes required to integrate aspects of 
word meanings with ^ments oS sentence 
stmctore. Thew new inrights have 
motivated the developn^t of tests that 
allow the attributimi oi spedfie aphasic 
symptoms to failure witlda iden^Oable 
components of the language system. 
These advances have, in turn, provided 
the ground woric fSsr the develi^ment of 
new approaches to dii^osis and 
rehabilitatioa of aphasia and aci|uired 
dyslexia. 

Several recent findings await 
further study and filler exploration. For 
example, common meehanbms 
underlying spoken language and the 
signed language «^deaf people have been 
dramatized by the identification of 
striking parallels in the effTOts <^brain 
injury on th^ two mod^ ai 
communicatiim. Artificial intelligence 
computer models (Slanguage have 
offered insights into the processes 
mediating language; additionally, 
disruptimis or **te8ions'* <^ tiime models 
permit the simulation of symptoms and 
promise to provMe a means for the testing 
of hypotheses cmiceming the basis of 
particular language deficits. Cross- 
language comparisons of sentence 
production and sentence comprehension 
disorders have begun to distinguish 
between symptoms that are universal in 
their form of presentati<m and tiu^ that 
are specific to the stmctore of particular 
languages. 



Recent advances in the remedkition 
of language disorders include tiie 
demembration that some profoundly- 
phasic patients can learn a 
computerized system for exchanging 
information by maaipttlating visual 
symbi^ In fact, computer-assisted 
assessment and instiruction are active 
areas ol currant r^earch interest and 
promise to allow the testing of previously- 
untapped cognitive capacities in 
sever^y-imiraired paints. Explorations 
in the pbarmacologiG treatment for 
aphasic symptoms have shown promise 
for the relief 1^ s^eotive disordra^ such 
as impairments of speech initiation, 
through the use of the dopamine agonist, 
bromocriptine. 

Several more tiraditional treatment 
programs have been shown to be 
effii^acious with speclfio types of aphasic 
patients. These Include language 
oriented and language stimulation 
^atment techniques as weU as 
interventions designed to bring about 
well-defined 4Wtcomes such as the 
elimination of the perseverative 
intiiidcms of earlier utterances. 
Additional iiktenrentlon strategies 
currentiy being trated include ^atment 
protocols targeted directiy at 
theoretic^y-defined language 
components that are found to be 
impaired. A Umited number of such 
stodies conducted to date have 
dem<Hi8trated measurable improvement 
among individual aphasic patients many 
years following onset of their aphasia. 
These stodies represent a dir^t 
application of results gathered previously 
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in cognitive and linguistic studies of 
aphasia. 

Re<^t aocomi^liments in tiie 
area ci aduK language and ite disorders 
have built upon advance in 
neuroanatomic and nenro{>iiysi<rffH{ic 
diagnostic {Hrocedurw, as well as on 
developmeats in linguistic theory and 
cognitive scient^ Assessment and 
rehabilitation of these defi^ts continue to 
rriy on the cUnieai expertise of speech- 
language pathologists with new 
participation from the fields of 
neuropsychoI<^, phannacdi<^ and 
computer sdenee. This diversity reflects 
the complex and multifa^tmi nature of 
adult language disorders and provides a 
broad base upmi which to develop a 
research agenda for the fiiture. 



Program Goals 



A coherent program that addresses 
the topic of language and its various 
impairments must build upon previous 
accomplishments. At the same time, such 
efforts should f^Uy expktit emerging 
teclmological advances and should 
accommodate widespread social changes 
that are likely to affect the acquisitior. of 
language and its use. 

Several general them^ are evident 
in the research priorities that can be 
developed to address sproific 
impairments of language. One 
compelling requirement for improving 



our understanding of and responses to 
langua^ impairments is comprehensive 
data r^vant to the incid«ii» and 
prevalence cf th^ impainnents in the 
p<^ulation< Systirasatie^dyof the 
epldemiirf<^ ^tiiese dis<Nrders« togetiier 
with detailed information ^bottt the 
medical, social and cultural conditions 
with which tiiey occur, would provide a 
foundation for appnMching tiie 
important program goal of prevention of 
language impairments. A second basic 
requirement that is crural to 
understanding any language Impairment 
is detailed information about how 
language (In all of its auditory and visual 
manifestations) is acquired and used by 
normal individuals. The development of 
theoretically-based, meUiodoIogicaUy- 
rigorous and cultorally-unbUsed test 
insbvments, as w^ as the gathering of 
compreh^sive normative date using 
such instruments, is central to this effort. 
In light of the growing role that diverse 
radal, ethnic and social groups play in 
sodety, it is essential that these 
pf^ulatioKS 1m prof^fiy repnMonted in 
the subj^ pools for studio of normal 
language processes. 

Many language impairments occur 
because of brain injury or broause the 
nervous system does not develop 
normally. A better understanding of ttie 
mechanisms by which the human brain 
acquires and proc^ses language would 
greatly eld in tiie prevention and 
rehabilitation of many types of language 
impairments. Conseqt<entiy, the 
exploration of newly-emerging 
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technologies for relating language 
functions to brain regions is a priority. 

In addition to these gra«ral o 
pn^ram goals* areas <tf spedfic concern 
can be ennmerated. 

o R^eareh on tiie language of deaf 
people requires particular 
attentloa to tke spedfic needs ^ 
deaf chiklren aeqtdring kmguage in o 
different learning environments. 
The effects on spiAen and signed 
language development of early 
exposure to sp^ea En^ish, fi^ed 
English and ASL aedds to be 
determined. The effects of differing 
levels of audit«Nr3r informatimi on 
sp<^en laagoai^ development need o 
to Iw rigorously assessed, 
particularly with regard to 
improvements provided by new 
asdstive devi^». ^ledal attention 
should be directed to the factors 
thatrdate to the acqui^tion of 
literacy by deaf people* with the o 
goal of developing M^ods tor 
enhaacip^ tiie acquidtion of 
written l& iguage by improving 
English language Instruction and 
by expldting the child's existing 
language capadty. 

o Basic research on the structural 
characteristics of signed languages 
is needed to enhan^ comparison 
with information about sp<&en o 
languages. In addition, continued 
investigation of differraces and 
similarities in the way the brain 



procMses apukesa and signed 
languages is needed. 

R^eareh on how signed languages 
are perceived and learned would 
contribute important lafSMnnation 
on the devdi^nmit of nutiiods fmr 
teaching dgned languages to deaf 
and hearing Individuals. 

Studies of children with language 
disorders shouki be devoted to 
several typM tissues. Information 
is still needed on the Ungnistic, 
motcM*, neuri^enk and o^nitive 
bases of language disorders In 
children. 

Valid and rdiable language 
assessment tools are still needed. 
There Is an espedally critical lack 
of assessment ins^mente for 
children firom multiGultoral 
populations. 

The long'term ^msmiuenc^ of 
language impairment warrant 
forther study. Although it is well 
established that language 
disordermi children are at risk for 
later academic, social and 
vocational difficulties* the nature 
and degree of these rdationships 
must be determined with greater 
precision. 

There is a pressing need for 
research on language intervention 
and treatment efficacy with 
language-disordered chihiren. 
Although studies to date indicate 
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that treatment is effective, many 
8pe«ifie quMtUms (tor example, tiw 
criteria used to match particular 
childrtti with puiimilar trMtaient 
proMduFM) are uaanswer^. 

A ftiUer uaderstandiiig is ae^ed of 
how language in ail of ite many 
aspects b relate to the anatomy 
and phyaitAogy <tf the braiiu 
Relevant data may come from 
lesicm stadies asking < 7 m^ 
specific language «iparities to 
brain regions and assessments of 
the fiincilonal anatomy of language 
in normal and brain-hajui^ 
sulitjects odng eurroit imaging and 
electrophysiolf^e techniques. 

The identification of the component 
proceMes undertying normal 
language remains a high priority. 
Investigi^ns motivated by 
current theories ai language 
pnmssing of normal suiit^cts 
employing spokra, written and 
signed languages, as well as 
detidled studies of patiMits wiiu 
language deficits, will be relevant 

Improved understanding of the 
s^cture of nrnmal language, as 
well as technological advances in 
computer implications, provide a 
basis for the development of 
innovative means for evaluating the 
langui^e-impairod individuaTfi 
symptoms and for addressing the 
deficits tiiat are unco^red. Critical 
to this endeavor will be the 
development of experimental 



desiffDs to evaluate the utility of the 
assessment instruments and the 
eHeetlveaess of new and ezistiag 
traatments. 

Finally, a rkh source (tf data about 
language organization and 
potratial breakdown is availaMe 
from the comparison of the various 
manill^atfons of Im^^age 
impairment Comparative studies 
can reveal mechanisms common to 
different causes and slKwkl pravide 
a rational iMsis tor diagnosis and 
treatment 



Research 
Opportunities 

Multicultural Issues 

Although United Stat^ society is 
increadngly multicultund, Uttie research 
has focused on the implications of social 
and cultural differences for language and 
its impairments. Future investigations 
should: 

o Include normative studies for 
different languages or social 
dialects which focus on the 
acquisition and uw orphonol<^cal 
and grammatical fmms as well as 
content and pragmatics. 
Investigations of the simultaneous 
or consecutive acquisition of two or 
more linguistic systems are also 
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necessary. Such resMo^h can 
indade in vesftigatloiis "critieal 
periods'* for dual language learning 
and code switching. 

o OMaia basic e|>ideaiiologic 

information on the incidence and 
prevalence of and risk factors for 
speech, language and hearing 
disorders within AfHcan-American, 
Hispanic, Asian/PMific Idander 
and NatlTe American populations, 
as available data may not be 
generaiizable across these groups. 

o Explore factors that might impede 
the efficacy of treataient, such as 
diffisrmces in c<^nitive or lemming 
styles and cultural systems of 
belief. 

o Develop means of diCFerentiating 
between language differences and 
disorders across cultural groups. 

o Investigate the inddenee and 
prevalence and risk factors for 
adult neur«^enic impairment 
among culturally*diverse and 
bilingual populations. 

Language and Deaf People 

The research needs for language 
and deaf people fisll into three brMd 
areas encompasdng study of language 
development in children, literacy in deaf 
children and adults and bade research on 
dgn language s^cture and fiinction. 



Language Deve/opment ^n Deaf 
CMkirmi 

There is some evidence that, if other 
vaiiaUes are lieid constant, deaf children 
of deaf parents may tend to ou^>erform 
other deaf children on a variety of 
academic and psychosocial measures, A 
full explanadon of this phenomenon is 
lacking and requires further study. 

^lUes are ne^ed d normal 
patterns for aoiuiaitilon of ASL and their 
relation to costive and payclKisocial 
devetopmrat am<mg deaf children of deaf 
parants. In addition, to understand 
normal patterns of such development, It is 
uTO^sary to pursue parallel studies of 
disordered courses of development of 
signed language in the same group. 

Broause deaf children of deaf 
parents constitute only a small 
percentage of the population of deaf 
children (between 5 and 10 percent of the 
total), it is imperative that i> better 
understanding ui typical patterns of 
language development of deaf children of 
hearing parents be pursued. 

Within this area, new studies are 
needed to: 

o Identify and describe patterns of 
acquidtion of ASL, particularly 
when access to a first natural 
language is delayed or inoimplete. 

o Identify and describe patterns of 
language acquisition of children 
exposed primarily to systems or 
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styles of stgning in whkh the 
ia^tfcm is lo iiiod«l or support 
EngUsh ^raeeh. 

Identify and describe pa^ms of 
language acquisition among 
chi&ren exposed primarily to oral 
language. 

Identify and de^scril^ patterns <tf 
language acquisition of children 
{Niimarily exposed to spok«a 
English throttf^ Cued Speeeh. 

Identify and describe patterns of 
related cognitlire, psychoIo|^caI 
and academic delBcito 
accompanying delay<Ml language 
acquisition. 

Study the nalura and value of 
language models provided by 
hearing adults in c<mtect with deaf 
childrai. This roMarch should 
include studio of the natiire ui 
receptive and productiw aspects of 
Engiish-like rigning in addition to 
asp^ts of audit«Hry, oral language 
models. 

Identify deaf children who have 
langui^e disonlers by examining 
and describing tiie differences 
between normal and language- 
impaired deaf chikiren. 

Study approaches and techniques 
fbr the training of hearing parents 
of deaf children to sign or to 
facilitate the development of their 



children's spoken language, 
including tiie use of Cu«i ^eech. 

o Identify and dMcribe tiie processes 
<^re<^pml2atl«i 4^ Ae Input 
language, particularly 
pidginisation and oreolization 
processes in language contact 
situiUiona. 

o Identify and describe the invention 
of gestand language systems 
witiiottt formal riga Input and the 
relation of this process to eventual 
signed or spoken language 
de^<^menl 

o Study ^pnMu;h«9 cuid techniques 
for evaluating the potMitial of new 
technok^ and intervention 
strat^es (such as auditwy 
prostheses, laser disk technology, 
computer-based training systems) 
for promoting spiAen language 
acquidtion by deaf children. 

o Identify critical periods f<Nr both the 
natural acquisition and teidning of 
sp<^en or si^Ml language by deaf 
children. 

o Develop the means of identifying 
languid disMders in deaf children 
from different cultiires. 

Studies of Literacy in Deaf Children 
and Adults 

Because problems associated with 
the acquiidtion of reading and writing 
skills are the most pervasive academic 
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and voeatlonal craseqaences oi deafitess, 
studies of the acqoisitiim <tf English 
literacy must be bicladed as a primary 
reseanh objective. Research should be 
conducted to: 

o Study the nature at pro<»s^g text 
by suc^^^U deaf readers in an 
attempt to identify the mmt 
effective strategies, both auditory 
and visual* for the teaching of 
literacy to deaf people. 

o Develop and t^t new s^ategies and 
techniques for teaching English as 
a Mcond language to deaf chiklren 
who make use of their capabilities 
for visual language processing. 

o Study the role of captioning, 
telecommunication devices, 
personal computers and other 
trohnoli^cal influents on the 
improveoMnt of deaf children's 
literacy skills. 

o Study the relationships between 
speech processing and literacy in 
deaf children who use sp<Aen 
language primarily. 

o Study the relationships among 

speech processing, sign proci^sing 
and literacy in deaf childrea who 
use sign language. 

o Develop and evaluate appropriate 
and psychoraetrically-sound tests 
of psychosocial, intellecii«al and 
academic development and of first- 
and second-language acquisition 



by deaf children and adults under a 
variety <tf language use conditions. 

o Examine the interacti<m of 

acquisition of signed languages 
with spoken and written language 
and be(^ to characterize the the 
resulting bilingualism. Studies of 
the <Nrd«r of acquidt^ <^ si^Mh 
and signed language as they affect 
childrra's eventual acquidtion of 
English language and Uteraoy 
should also be conducted. 

Bask lleseanh on Sign Language 
Structure and Funcdon 

Studies of the organization of the 
brain and ite relation to language 
function, especially signed language, are 
needed. R^earch on how ^gned 
language acquisition Int^acM with 
other biological and physical systems is 
also important Invmtigators should be 
encourage to: 

o Continue research on brain 
mapping for sign language 
functions. 

o Develop improved techniques for 
imaging sif^ language motions in 
three-dimensional space. 

o Conduct fkirther investigations into 
how deaf people perceive and 
process visually. Studies could 
include investigations of the 
relation between limb control and 
vision ana of the fkinctioningof deaf 
people with visual disorders. 
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o Ckmduct studio of the nature of 
parallel iMroees^g of language, 
such as the rimultaneous 
processlBgof visu^ and auditory 
information. 

o Expand stadies of tho brain and 
language, such as those on the 
specialization of the cerebral 
hemispheres fbr kmgna^ and 
other cognitive processing. 

Investigations <^ signed language 
structures are also important 
Specifically, fli^re should Ira attempts tcK 

o Study signed language and other 
languages used by the deaf 
community from 
ftinctional/psychological and 
structural/linguistic perspectives. 
Studies should focus <hi the nature 
of the "creoUsation'* of signed 
langt age and tiie effect of 
interaction of modality and 
language structure, including 
contact idgning. 

o Study ^gnml languages other than 
ASL and varieties of dgning within 
ASL, to identify Uie roie of cultural 
and ethnic differences on signed- 
language use by deaf pe<Hple. 

o Study other signed languages, such 
as simultaneous communication 
and sign^ English, relative to the 
acquisition of English language by 
deaf children. 



The acquisitimi of the ability to 
employ a dgn^ language depends tm the 
devel<H[»meat of a number of interrelated 
cognitive and linguistic abilities that 
contribute to th» perception <^ ^gn. 
Interdi^plinary studies should be 
carried out to: 

o Relate infants* early acquisition of 
sign language phonology, assessed 
Uirou^ tests of sign perception, to 
the acquisittoB of the hi^er levels 
of language, such as the acquisition 
of wcHrds (leidc<m), word meanings 
(semantics) and grammar (syntax) . 

o Investigate basic and higher level 
processes underlying vision, 
including the r^uiroments of 
structure use of space and 
movement, the processing of 
complex dynamic arrays and the 
perception of motion and form. 

o Study the impairments to ^gn 

perception in deaf individuals who 
become aphasic or who sustain 
otiier cqpiitive impairments 
subsequent to brain damage. 

Lan^age and Its Disorders 
in Children 

A number of questions pertaining 
to normal language development in 
hearing children are not yet resolved. 
Although the sequence of language 
attainments is generally known, at least 
for English, the bases some of the 
acquisition patterns are not yet fully 



91 

ERIC 

9 



LANGUAGE AND LANGUAGE IMPAIRMENTS 



anderstood. For example it is not yet 
clear the degree to which young 
ehildrMi's rariy f entrees inv^ve 
abstract grammatical categoric as 
opposed to semaatically-based notions. 
The d^ree to wktch laagu^e iMming 
mechanisms are modular rather tLon 
dependent upon more general cognitive 
operationj most also he determined. 
Issues r^oiring farther in vestigati<m can 
be found fw eaeh dev^opuiental period. 

The i^sareh needs fmr language 
disorders in ehildrai fall into four broad 
areas encompassing st«*<*y ni the basM of 
language disorders in children, 
investigations of assessment, studies of 
aei^emie, sodal and vocational impact 
and In vMtigations fi^ intervention. 

Bases of Language Disorders in 
Children 

Many questions concerning the 
very nature of language disorders remain 
unanswered* Certainly, discovmry of the 
bases of langu^ impairment b 
necMsary b^mw m^aingfiil steps 
toward prevention can be taken. 
Similariy, identification of these bas^ 
and their accompanying symptoms Is 
reqaii^ fmr tike development of an 
accurate typology for language disorders 
in children. A^nrdingly, it is essential to 
investigate a range of factors that m^ 
implicated, including charaoteristles of 
the language bdbng a<Miuired and factors 
that influence the production of speech. 
The language characteristics themselves 
should be examined with an eye toward 
how they contribute to our 



understanding of the chlld^s difficulty. 
Research shouhl be carried out Uk 

o Examine the linguistic profiles of 
language-impaired children to 
determine If they nury (McordlBg to 
the type of language being acquired 
(e.g., morphol^ilMiIly rich vs. 
sparse; flexlUe vs. rigid wmrd 
order). The weakneues observed 
In Ianguage4mpaii^ children 
across these languages might 
reveal a common fector that may be 
the sourra <tf the dIsiNrder. 

o Examine the impact on language 
production structural anomalies 
of the speech mechanism, such as 
crani<rfiEicial anomalies, l(mg* 
standing ti^heotomies or severe 
neuromotinr impairment The 
relative contribution of subtie 
mo^ speech problems to certain 
subtypes (Slanguage impairment is 
not known. 

The neurogenic basis of 
developmental language disability is 
unknown in the vast majority <tf those 
witii s|wci& languid Impairment, as 
weU as in thi^ in whom these disorders 
are associated witii other disabilities such 
as autism and mental retardation. The 
mechanisms by which neurogenic 
dysftinction occurs and the many genetic 
and acqulrMl caus^ of developmental 
language dysfunction are still 
unresolv^ A wide variety of intrinsic 
and/or extrinsic factmrs may be 
responsible for an initial induction of a 
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neurc^nic abnormality. Research 
should Im conducted to: 

o Study the normally-deTdoping 
brain aeross the Ufo si>an using a 
wkie range of anatomic 
physiologle and metab<^ 
techniques. New advances in 
imaging tiie brain (anatomic, 
phy^olc^c and metaliolic) are 
par^ulariy imiNMrtant to apply to 
studies invMti^a^g iiormfd and 
abnormal develc^ment 

o Conduct multidi^plinary studies 
that combine imaging techniques 
with fine-grained behavioral 
analysis of pro^ssra underlying 
language development and 
disorders. 

Advances in molecular genetics* 
coupled with recent evidence of familial 
transmission in some cases of 
developmental language and learning 
disability, suggest that fiirther genetic 
studies would be particularly profitable. 
Studies should combine state^f-the-art 
behavioral assessment with molecular 
procedures to: 

o Determine the reason for the much 
higher prevalence of 
developmental language disorders 
in boys than girls. 

The precise role of nonlinguistic 
cognitive factoro must also be examine 
in children with language disorders. 
Although many language -impaired 
children exhibit limitations in intelligence 



as it is broadly defined, it is liliely that 
particular aspects of cognition are more 
important to language learning than 
others. Fimt examine, many studio of SLI 
children have found d^^eades in both 
symbolic and n<msymlHrfie domains of 
knowledge even when scores on standard 
intelligence tests are within the normal 
range. Further work is needed to: 

o Isolate c<Hpaitive areas not 
represents in IQ tests and 
determine whether or not these 
areas interact with language 
fiinctioning. 

o Determine to what extent language 
impairment may be secondary to 
psychosocial diwmlers. 

o Determine to what extent 

p8ychos4M!ial disorders may result 
from a primary language 
impairment There are special 
groups of children and youths who 
are at risk for language disorders 
and language-ba^ learning 
disorders. These special groups 
include victims of abuse, neglect or 
drug- or alcohol*reIated lifestyles 
and homelessness and general 
victiiF*s of poverty. 

o Determine to what extent failures in 
communication and education are 
related to psychosocial factors. 

Assessment 

The purposes of assessment include 
the identification of a language 
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impairment as wdl as the determination 
otthenaHmreaadaeymitycithe 
impairment, the prognosis and the ini^al 
goals fmr Intenrention. Initiatives are 
needed to: 

o Dei^op psyeliometri^dly'SOttnd 
and culturally-fair and sensitive 
procedures for the measurement of 
language comprebenrion and 
production to be used in identifying 
and classifying language 
impairments. 

o Develop alternative assessment 
strategies including criterion - 
referenced testing, observational 
techniques. Interview procedures 
and other informal strategies. 

o Explore the utility of stateH>f-the- 
art computer technology In 
language assessment, including 
language sampling analysis. 

o Develc^ assessment strategies 
which have application, vaUdity 
and reliability for identifying 
language disorders in children in a 
variety of assessment contexts (cg^ 
school, home, clinic). 

o Determine the most appropriate 
strategies for eviUuating limited* 
English-proficient (LEP) children 
including the use of interpreters or 
informants. 

o Develop assessment tools for 

preschool populations, especially 



for children under three years of 
age. 

Aatdemk, Social and Vocatkynal 
Impact 

The negative academic, social and 
vocational consequences of language 
disorders in children have been well 
documented; however, research is needed 
to: 

o Study the relationship between 

language disorders and subsequent 
or concomitant learning 
disabilities. 

o Study the relationship in children 
between language disorders and 
social adjustment problems. 

Intervention 

New Intervention strategies for 
language-impaired children need to be 
developed that are capable of testing and 
refining current theoretical models. 
These approaches should also be tailored 
to meet the needs of individual children; 
that is, they shor/d address documented, 
underlying perceptual and motor deficits 
as well as linguistic inadequacies. 
Furthermore, the strategies should be 
culturally relevant and salient to the 
individual child's experiences and future 
aspirations. Research must be conducted 
to: 

o D"^velop new intervention 

strategies based upon current 
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theoretical models and establish 
their ^Bcaey. 

o Determine tlie efficacy of cnrrantly 
AvidlaUe intarveatiim ^rategtes 
tiirough both single subject stadles 
and studio of children who clearly 

language imi>alrment 

o ETalnate alternative modds of 
sendee delivery such as &mily* or 
school-based programs versus 
direct delivery by speech-language 
path<df^ists. 

o Investigate the use of computers 
and recent technologic advances 
(for example, in speech recognition 
and spMch prodnetlon) in 
intervention with language- 
impaired children and with deaf 
children leaining oral language. 

Language and Its Disorders 
in Adults 

The research ne^s for adult 
language disorders fall into fbur broad 
areas ea«»mpa8sing research on 
language and ihs brain; cc^idtive and 
linguistic studies of tiie underlying 
functional surras of language disorders; 
investigations targeted at assessment and 
treatment dT language disorders; and 
comparative study of language and its 
disorders in different populations. 

Brain-Language Relations 



Clearer understanding of the 
complex relationship betwem language 
proMsdng and brain structore and 
faction hi essential to addressing a 
variety ofcrudal issues rela^g to 
language and its dismdm in adults. 
Primary among these is a setof questkms 
relating to recovery of language ftinction. 
Individuals vary wld^ in thdr recovery 
of language capacities after apparenUy- 
similar brain lesions and little is known 
abcmt tiie medianisms underlying this 
variability. Detailed study is needed to: 

o Investigate tiie mechanisms by 

whteh recovery takM pluse and the 
bads for indivMual diffSrarmcra in 
r^owmey, using a variely of 
technique for indexing brain 
activity ^xi£fi(e.g., positron 
emission tomography, single 
photon emissi<m computed 
tomography, event^related 
potentials). 

o Clarify the role of the non-dominant 
(typically right) cerabral 
hemisphere in flie assumpti<m of 
language functions following 
damage to the dominant 
hemisphere. 

o Relate specific symptoms to 

discrete brain regions using ledon 
analysis. A conrelati<m between the 
brealcdown of m<^r speech 
planning and structural brain 
lesions has been dem<msteated, but 
other potentially localizable 
language skills (such as speech 
sound discrimination and oral 
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w(Hrd i»m|Nre]i«iskm) are still 
inadeqoatefy mapped. 

o Define by eUnko-aoatorale study 
the link between processes that are 
clmely niaied to w^-locaUzed 
structures and those that are 
bnmdly distributed in the language 
zone. 

o Identify w^-defined forms of 
selwtive impairmmite through 
detailed i^udy of individual imses, 
including car^id analysis <^ brain 
l^ons and of fkineti<nial language 
impairment 

o Bxplmre Uie n^e of vaii<His 

neurotransmitter systems in the 
mediaticm <tf fMrtieular language 
operatitNis. The potential for 
pharraacirff^ical treatment follows 
directly from such underotanding. 

Analysis of Processes Underlying 
Language Disorders 

The language impairments that 
result from brain damage reflect the 
dysfunction of one or more c^tiie 
mechanisms that subserve normal 
language* whethw spoken, written, or 
signedf including perceptual, motor, 
c<^nitlve and specifically-linguistic 
mechanisms. For example, the normal 
ability to read invid^^ visual perceptual 
mechanisms, mechanisms that control 
attention to the relevant material on the 
pan^ mem<Mry (N»mponents tiiat store 
knowledge of wmrds and linguistic 
mechanisms that compute the meanings 



ofs^tences. Itemagetoany one of these 
mechanisms will result in a reading 
impairment, the specific form <^ 
im^dmmit being detc»rmiaed by the 
parte m l ar m^* ^M»»^ fB that is damagedt 
Thus, an nndwstandli^ «rftiie natare of 
the various forms of language disorders 
iHmsequmit to brain damage crucially 
depends <m knowledge <tf normal- 
language and related processes and their 
disruption. Continued study is needed toe 

o Extend recMtpn^pr^ in the 
c<^itive sdenees to an 
underatanding ftf tiie structure of 
normal language processing. For 
example, teehniqura invidving real- 
time analy^ of normal-language 
priwessM should be adapted to 
examine the nature of language 
pathology. 

o Distinguish the various forms of 
dysfunction that characterize 
oral/auraU written and signed 
language Uirough comparative 
stiidy of impairments in tho«e 
mfxialities. 

o Eluddate the relati<Hiship between 
deficits tiiat are specific to the 
language system and those that 
arise from perceptaal, motor or 
other c<^;nitive disorders and 
clarify their relative con^butions 
to complex language impairments. 
Information about such 
relationships could provide an 
important basis for tiie design of 
new treatments. 
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o Cmitlnae comparative analyse <tf 
disonlers in different languages* on 
the assumption that language- 
spMific diffwmoes in symptoms 
can help reveal linguistic and 
cognitive mech ania ms that 
suNwrve language proi^sing. 

o Develop artificial intelligence 
computer models that simulate 
n<Nrmal language and Its discnrders. 

Assessment Intervention and 
Recovery 

Approaehra to ^e remedlati<m of 
language disorders require objective and 
reliable informati<m about tiie nature and 
stability «tf patimts* symptoiiu. 
Assessment instrummits that provide 
such information must be develop^ in 
light of new rMeareh finding that have 
clarified symptom and d^dt 
relatiimships. Furthermore, intervention 
ste«t^(ie8 to address patients' 
Impairments shmild buiki upon emei^ing 
indications that sotee symptoms indicate 
specific ftinctiimal d^dts and should 
exploit new technologic innovations. 
Spmdfie opiMHtunitiM in these areas 
include efforts to: 

o Demonstrate the efficacy and 
effidency of the existing 
intervention strat^ies for aphada 
treatment Such demonstrations 
wiU r^uire development of new 
approaches to the evaluation of 
efficacy which use both single 
subject and group methods. 



Revise and improve existing 
assessment procedures in order to 
bring ti^m into line wl^ eurrmt 
understanding ctf tiie rdati<mship 
(»f patients' symptoms to causal 
underiying language d^dts. 

Develop a workable diagnostic 
scheme that provides a nitkmal 
basis ior the elasdficatifm of 
patients and fbr comprdiraflive 
characterization of thdr deficits. 

Itevel<^ f^ncti<mal assessment 
tools to evaluate the cimununicative 
abiUtiM of language-impaired 
individuals. 

Study the patterns cf symptoms in 
patients with disorders in which 
deterioraticm indeed <tf 
improvement is the natural course, 
for example, in Alzheimer's dlsrase. 
Identification of predictors of the 
course of progresdon of language 
disordera in such patients would 
con^bute to thdr management 
and provide a basis for 
approaching intervention. 

Develop and evaluate computer* 
a^ist^ instiruction as an 
interventimi sti^^y for working 
with aphasic indivkluals. In 
particular, strate^es tiiat capitalize 
on rec«it information concerning 
the ftincti<mal basis of specific 
language symptoms or that provide 
aphasic Indivkluals witii workable 
compensatory mechanisms should 
be developed. 
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o De^<9 and evaluate alternalive 
and augmentative communication 
ayttema for adults with language 
defidts. Advltisever^sr-impaired 
in under^aadlng and {Mroducing 
language may l>e capable of 
effective cemmunicatton by 
alternative means, including 
computer-based Tvstems. 

o Investigate social and cultural 
factors tiiat have Uie potential to 
affect treatment outcome and 
evaluate the relative contribution 
of these factors to individual 
differences in response to 
treatmenL 

Comparative Language Studies 

Language disorders in adults can 
take a variety of forms, because the many 
causes of such disorders affect the system 
differently and because there are pre- 
eating differences among the 
individuals who develop language 
problems. This diversity of language 
symptoms provides an important 
research opportunity, as comparative 
study of the different forms of language 
impairment can provide Informadon 
about the nature of underlying language 
mechanisms. New initiatives are needed 
to: 

o Obtain normative data from 

healthy Individ upIs of various ages 
to determine whether or n<^ there 
are changes throughout the life 



span in the use of spoken, written 
or signed language. 

o Develop norma^Mve data on adults 
from a range of iodal strata and 
linguistic an<f 'oiltural 
backgrounds to provide a basis for 
addresdlag the contributions of 
sociocultural flactors, biUnguiJism 
and nonaal aging to language 
impairments. 

o Compare analysis of left- and right- 
brain damaged hearing subjects to 
determine the extent to which the 
right hemisphere may be involved 
in language use. Study brain- 
damaged users of sign language in 
order to understand hemispheric 
specialisation for complex 
linguistic properties conveyed 
through spatial mechanisms. 

o Study the differences that exist 
between the language disorders of 
foccdly brain damag^l patients and 
thMe that accompany more 
generalized brain dysfunction. 
Comparisons among the forms that 
language breakdown can take 
secondary to these various causes 
have suggested important 
functional dissociations, but 
further study is required to clarify 
the nature of and underiying bases 
for these differences. 

o Develop normative data on the 
language functioning of diverse 
populations to provide a 
substantive basis for approaching 
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their Ungual^ disorders. The increases, there will be an 

populalion United States is increasiAg numb^ oi bilingual 

ittcreasiagly multilingnal^ as this individuate with iiuiguage 

^ p«9ulatimiagM and its risks of discnrders. 

stroke and cmieequent aphasia 
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PUBUC LAW lOa-553-OCr. 28, xm 102 STAT. 2775 
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(h>&iwiwt Ptetawm .— Witfa mpoct to ftittctteai ywfd tater Onati. 
■■etfoa 1 ia tto Diwetoi of th» NatioiuU lattteif on Ik^h— «rf Connwa*. 
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Approved October 28, 1988. 
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